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Course Otscription: ** o ' 

*^ "rfiis course is designed to provide the student with irtforroation about the construction, operation, malfunction diagnosis, maintenance, repair, and 
^ overhaul of the internal-combustion, reciprocating engine. It provides the basic theory and woul^ be best used in conjunction with laboratory or 
on-tha^}ob learning situations. . , ^ « ' • < 

Thlscoui^is^dividedintofivelqssons with Objectives, Study assignments and review exer^^ ^ *^ 

Lesson 1 



A 



- Basic engine Construction Opmtion describes the maincomponents of the reciprocating, jjitehial-com bust ion engine, 
how it is constructed and hovy.it operates. " » ^ ^ I' 

Lesson 2 * - Engine and Engine Componentt Design identifies the various^ngiije designs, and tht vifious designs of components 
used in the construction of engines. 

engine Malfunction Diagodsis and Remedy covers the procedui'es for identify ingjthcisymptoms of various internal 
malfunctions of the englne'and remedies requirerf" to restore the engine to Its normal operating condition. 

engine Disassembly discusses the procedures used to disassemble a reciprocating internal combustion engine. 

Automotive Engine Maintenante and Repair covers inspection, testing and basic procedures Used in the repair of 
the engine. 

J 

Engine Repair and Reassambiy describes basic procedures used in the repair of cylinder hd&ds and valve mechanisms, 
and in the reassembly^ qf an engine after^atl repairs have been accomplished. ^ 

this course is designed for sttldent self-study, but could be most effective in group learning situations. Each lesson contains objectives, text, and 
review exercises. No answers are available for the, review exercises. » ^ 



Lesson 3 

Lesson 4 
Lesson 5 

C 

Lesson 6 
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AUTO>lOtlVj: ENGINE MAINTENANCE AND^jpPAIR 
Lesson I 
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^ * Basic Engine Construction and Operation ^ 

STUDY ASSIGNMENT; InfonriatioH for MCI Students . * 
Course Introduction. 

MCI 35r. 8, Automotive Engine Maintery^hce and Repair, chap 1, 

Lesson OBJECTIVE: upon successful completion of this lesson, you will be able to identify 
the main con^on^nts of the reciprocating;, internal-combustion engine, 
how they are constructed, and how they operate. 

WRITTEN ASSIGNMENT: ' 

A, Multiple Choice: Select the ONE answer which BEST completes the statement or answers the 
question. After the corresponding number on the answer s^heet, blacken the appropriate box. 

Value: I point each 

1. Because all parts of thJ^iffeine are housed by, or attached to, the engine block, we call it 
thfi ^ ^ ^ 

i ^ 

a. crankcase. . c. backbone, ' * 

b. "cylinder block. d, main body. 

* - r' . / 

2. When the engine block is cast, which item is machir^^^mooth? 

a. » Water jacket c. Oil passage / ' 

- b. Cylinder d, Crankcas^' 'i^ 

3. The crankd^se serves as a support for the ^'<' ' ^ 

a. crankshaft. c. o^pnnecting rbd. 

b. camshaft. d, cyi^nder^^^bjfck. 

4". The upper portion of the engine block is known as t^ie 

/Jo 

V. cylinder head, c, crankcasej; 

b. watir jacket. ^ d. cylinderialcick. 



5. Which component encloses the'^'top of the cylinderj^Mi 

111 

a. Enclosed end of the piston c, Cylind^|Mock 

b. Crankcase ^ d, Cylinde||nibad 

J' 



6. Why is the bottom surface of the cylinder head Mupped out" at some points? 

* ^ m 

a. To provide oil passages Jlpij' 

b. To provide a passage for the water to lea\^^e engine 

c. To provide cpmbustion chambers I 

d. To provide water passages fronf the engii^efp^ 

irHphe top^ . 



(Why must the cylinder head have a hole cut inwh 

0 • -/^^^^-"^ ■ j|| 

a. To provi<je a means of passing water freiciipne cylinder head 

b. To proVide a means of passing water froffip|ie cylinder block 

c. To provide a means of passing oil froi|^th&j block ^ 

d. To provide a means of cooling the oil ^ ^tI 

■i 
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8. The burning-gases in the combustion chamber must be converted to mechanical energy by the 



.15. 



a. *piston. 

b. connecting Tod. 



c. ' crankshaft. 

d. cylinder head. 



9. The grooves near the top the piston are for the purpoift of installing the 



a. piston pin. 

b. piston in the cylinder. 



c. connecting rod. 

d. piston rings. " 



10. The engine component which changes reciprocating motion to rotary motion is the 



a. piston, 

b. connecting rod." 



c. crankshaft. 

d. xvlinder head. 



11. Which item is NOT a part of the crankshaft? 



a. Main journal 

b. Main frame 



c. Crankpin - 
d: Throw 



12. What carries the crankshaft through its rotation whkn no power is provided by the piston'' 



a. Throws 

b. Flywheel 



^ c. Vibration damper 
d. Crankpins 



13. What is the purpose of the engine 's\a Ives? 

a. Change lieat energy to mechanical lenergj^' 

b. Provide a\ seal for the piston 

c. Allow gase^ to. enter and escape 

d. Provide a combustion ch'amber 



14. An engine's valv^ could be described as a long stem withW(an) 



a. machined smooth 

b. angled 



f ' 



c. mushroomed 

d. flat 



When the valve is closed, the valve' face comes into firm t?6\i^ct with the 



a. cylinder head. 
B. cylinder block, 

16. What causes the valve to c^ose? 

\ 

a. Camshaft k 

b. Valve spring ' ^ 

17. The camshaft contains a series\of 



a. triangular 
b- egg 



c. hexagonal 

d. circular 




top. 



c. combustion ch4ri\bipr. 

d, valve seat^" 



c. Valve spring locks 

d. Valve spring retainelj 

"^shaped cam lobes. 



18. For eacl\complete ^rotation of the crankshaft, the piston makes stroke(s). 



a 

b. 1/2 



1/4 



c. 1 

d, 2 



19. If timing gears are not installed in a spe>?ified position in relation to one another, the valves 
will ^ 



a. open at the wrong tim^. 

b. remain open at all time^. 



c. remain closed at all times. 

d. fail to open and close* 
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20. When the piston moves down Inside the cylinder, space is increased and pressure is 
a, decreased. . '* b, increased, / c, constant, 

21. During the four- stroke -cycle engine operation.^-ttre^ntake event ends when the piston has 
traveled to which position? 

a. ' W after TDC t c. 44' after BDC; 

b. 44** before BDC d. 44' before TDC ^ ^ 

22. What event is occurring when both valves are closed during engine operation and the piston 
is traveling down inside the cylinder?. ^ I 

a. I^riitipn ' ^ c. Compression 

b. Combustion d. Power 

23. The crankshaft is about to-reach tha end of its first complete potation during the cycle of 
events. ^ Whqt event is about to end? ' \ 

a. ' Intake c. Compression 

b. Exhaust ' d. Power , 

24. Gases are ignited in the diesel engine by heat generated by ^ 

a. compression. . c. electrical spark. 

b. 'friction. ' d. the fuel. ^ ^\ 

25. The intake and exhaust ports of the two-stroke-cycU engine are located in the 

a. bottom jof the cylinder head, c. • piston, 

b. top Qf the cylinder block. -d. cylinder. 

26. In the t\j||^stroke- cycle engine;^wo of the four events occur at the same times. These events 
are the 

a. intake and compression. c, intake and exhaust. 

b. power and exhaust. ' d, compression and power. 

27. What opens the valve ports of the two- stroke-cycle engine? 

a. Piston c* Crankshaft 

b. Valves Camshaft 
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AUTOMOTIVE ENGINE MAINTENANCE AND REPAIR 

Lesson 2 « 
Engine and Engine Components Design . . 

V • 

STUDY ASSIGNMENT: MCI 35. A, Automotive Engine Maintenance and Repair, i chap 2. 

LESSON OBJECTIVE: Upon successful completipn of this lesson, you will be able to identify' 
various engine designs, and the variouis designs of components used in 
the construction of engine?. 

*> 

WRITTEN ASSIGNMENT: 

A. Multiple Choice: Select the ONE answer which BEST completes the statement or answers 
the question. Aftek* the corres{9onding number on the answer sheet, blacken the appropriate 



box. 

Value: 1 point each 

1. A water-cooled engine ^isr an engine with the cylinders cast as 

a. separate components. c. horizontally opposed cylinders only. 

b. a part of the engine l)iock. d, finned devices. 

^. ' . ^ ' ' 

2. An in-line engine majjf be cast with the cylinders in a vertical position or 

a. at a 90* angle to one another, c/^t a 45* angle to a vertical plane. 

b. at a 90* angle tO'ii vertical plane. d, at a 30* angle to a vertical plane. 

3. The cylinders of a'' V-type engine are cast at a * angle to a vertical plane. 

a. 30 ' c. 60 

b. 45 d. 90 



4. What engine is designed with two banks of cylinders arranged at a 90* angle to a vertical 
plane? 



a. In-line c. Y-block 

b. V-type d. Horizontally opposed 



5. In addition to being classified according to cylinder arrangement and method of cooling, 
an engine's classification may also include the 

m 

^ a. type of cylinders. c. location of cylinders, 

/^b. valve arrangement. d. materials used in it, 

6^The most common type valve arrangement .found in today's engines is the 

J a. I-head ^ • c L-head 

b. F-head 

7. The overhead valve mechanism found in the I-head engine has two components located 
"between the tappet and the valve stem. These are the 

a. camshaft and valve spring. c, valve lifter and valve guide. 

b. valve spring locks and valve seat. d. pushrod and rocker arm. 
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8. A flat-head arrangement li actually what valve arrangement?, 

a. I-head c. F-head 

b. L-head ^ 

9. In the F-head arrangement, the valves are located in 

c. both the cylinder head and the cylinder block. 



a. the cylinder head. 

b. the cylinder blocks 



10. A cast en bloc engine has the cylinders cast into the block during manufacture. However, 
some blocks, in order to prolong the life of the engine, use 



a. cylinder liners. 

b. aluminum pistons. 



c. air-cooled cylinders. 

d. chromfr piston rings. 



1 



11.- When cylinders become defective,, what is a major advantage of the air-cooled engine? 

a. The cylinders may be removed 

^ b. Only the defective cylinders need be replaced 

c. There ia no water jacket to be concerned with 

d. The cylinders may be rebored 

T ' 

12/ What factors affect the design of a crankshaft for a chosen engine? 



a. The firing order of the cylinders 

b. The position of the camshaft 

c. Tha cylinder arrangement and number of cylinders 

d. The method of cooling the engine 



13- By studying these front view sketches oi crankpin arrangement, choose the design used in 
the xour-cylinder, in-line engine. > ^ 



o 

0 

b 



c. 



o 



V 



14. The four-stroke-cycle, foui^cylinder engine has a power lapse due to the distance the 
^ crankshaft travels between^he " * 



a. compression strokes. 

b. power strokes. 



c. exhaust strokes. 

d. intake strokes. 



15. . Which engine does not eliminate power lapse' 



a. In-line three 

b. In-line six 



c. V-six 

d. V- eight 



16. A crankshaft containing only three throws is used for how many different cylinder arrange- 
ments? ^ ^ 



a. One only 

b. TWO 



c. Three 

d. Four 
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17. Some crinkshaftf) used in V-8 enginea have throws spaced 180» apart juat as the four- 
cylinder in-line. However, we can differentiate between the two by observing the 

a. thickness of the crankshaft. cy^ number of crankpins. 

b. number of main bearing jpumals. dp^jjehgth of the crankpins. 

18. The three-^cylii^der, in-line engine crankshaft is roost similar to the six-cylinder engine 
with the cylinder arrangement. 

a. in-line c. horizontally-opposed 

b. slant-eix 

19. The weight of the flywheel to be used with a specific engine depends-a lot upon the 

"V { 

a. power lapse. c. engine length. 

b. engine weight. d. number of cylinders. 

20. The flywheel is used primarily to 

a. start the engine. c. balance engine weight, 

b. reduce engine vibration. d. eliminate all vibration in the engine. 



21. Crankshaft torsional vibration is rediiced by the use of a 



a. fan belt pulley. c flywheel. 

b. vibration damper. d/ series, of main bearings. 

2Z. MHiat component decreases the twisting action caused by application of power to the 
^ crankshaft? 

a. Crankshaft thrown c. Vibration damper 

b. Crankpins d. Flywheel 

23. High-compression pistons come extVemely close to the top of the combustion chamber on N 
the up- stroke and can be recognized by the space created for the 

a> valves. c. compression, 

' b. combustion. d. sparkplug. 

24. What is the design feature of the piston head used in the compression-ignition engine? 

a. The head is flat c. The head is notched 

b. The head is convex d. The head is concave . 

25. In most cases the taper of the.piston skirt will reduce piston rock. However, in some 
pistons it is necessary to assist the skirt by 

a. adding more piston rings. ^' offsetting the piston pin. 

b. making the piston longer. ^ d. increasing the piston diameter. 

26. Which is NOT a basic design of the piston skirt? 

a. Split ' c. Solid 

b. Offset d. ^utaway 

27. Which compression ring design exerts less pounds per square inch of pressure on the 
cylinder wall? 

' a. Rectangular * c. Tapered 

b. Beveled • d. Grooved outer edge 

35. 8 
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28. 



29, 



The oU'-Tnjptrol ring most commonly used in motor vehicles today is the 



a. * two-piece. 

b. three-piece. 



c. four-piece. 



Connecting rod saddles are usually offset to accommodate the piston arrangement in what 
type of engine ? i 



a. V-type 

b. In-line 



c. Spark-ignition 

d. Compression-ignition 



3(5. 



The basic difference between the gasoline engine cylinder head and the diesel engine 
cylinder head is the 



a. method of cooling. 

b. method of lubrication. 

31. The poppet valve design helps determine the 

a. size 

b. opening * 



c. rocker arm area. 

d. bottom' surface. 



of the valve. 



c. temperature range 

d. durability ' * 



32. 



In the valve train, find how many basic designs? f 



a. Two 

b. Three 



c. Four 

d. Five 



17 
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AUTOMO/TIVE ENGINE MAINTENANCE AND REPAIR 
Les8on 3 

Engine Malfunction Diagnosis and Rsmtdy ^ 

STUDX ASSIGfNMENT: MCI35,8. Automotive Engine Maintenance and Repair , chap 3. 

LESSON OBJEtTIVE: Upon successful completion of this leSson, you will be able to identify 

the symptoms of various internal malfunctions of the engine and the 
^ remedies required to restore the engine to normal operating condition. 

WRITTEN ASSIGNMENT: 
N 

A. Multiple .Choice: Select the ONE answer which BEST completes the statement or answers 
the question. After the corresponding number on the answer sheet, blacken the appropriate 
box. 

Value: 1 point each 

1. The engine block is sometimes the f ause of engine malfunctions because it > 

a. is the largest component of the engine. 

b. is relied upon by the function^g components. 

c. cools the engine, 

d. is a major moving part. • 

2, What is the first visible symptom of scored cylinder walls? 

a. Black soot inside the tailpipe - 

Loss of power . - 

c. • Loss compression V 

d. A white smoke -like substance from the tailpipe V * 



3. What do we do</fo determine which cylinder(s) is(are) defective? 
a. Check the spark plug. 

{). Check tHe tailpipe. ^ 
c. Perform a compression test, 
' d. Check the spark in each cylipder. 

4. The last two digits of a technical manual number indicate the 

a. revision of the manual* 

b. number of driving and driven wheels. ♦ 

c. frequency of scheduled maintenance (in weeks). 

d. echelon for which the manual is intended. 

5. If a "dry" compression test reveals low readings, what is the next step to take before 
rejchecking the ''low" cylinders? 

Warm the engine again. 

b. Check the spark plugs for burnt oil. 

c. Squirt oil into the defective cylinders. 

d. Spin the engine with the starter. 
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If a "wet" compression test reveals a rise in compression, this indicates 

a. faulty rlng(s), c, no repair is necessary, 

b, faulty valves. d. leak in engine seals, 

7. What is the remedy for scored cylinder walls? 

a. Sand the cylinder. . c. Inst&ill new piston rings, 

h. Replace the engine block, d. Rebore the cylinders, 

8. How may you, as a miechanic, be sure that a water jacket is properly maintained? 

a. Check the condition of the coolant, 

b. Ask the vehicle operator how often he checks his coolant, 

c. Flush each vehicle's cooling system weekly. ^ 

d. Inform the vehicle operator he must use chemicals, 

9. A vehicle operator complains of an overheating engine. Primarily, what Is his problem? 

a. A clogged water jacket 

b. Coolant is not circulating properly, ' v 

c. There is n(f coolant in the water jacket. 

d. The water jacket is leaking. 

10. A visual check of the cooling system reveals a low coolant level. After adding water q 
and allowing "the engine to run for about 10 to 15 minutes, you then 

a. check the coolant level again, 

b, check the block for leaks. . 

c. check the condition of the coolant. 

d, consider the condition corrected. 

11. External water jacket leaks usually occur in the ^ 

a. core plugs. c. cylinder block. 

b. cylinder head. d. crankcase. 

12. If coolant is being lost, and there are no visual leaks, where would you check first for 
symptoms of an internal leak? 

m 

a. Tailpipe c. Radiator 

b. Oil d. Spark plugs ^ 

13. ^hat is the most common cause of an internal engine leak between the oil passage and 
water Jacket? ^ 

a. Defective core plugs . c. Cracked cylinder head . 

b, Crackeli block ^ d. Broken head gasket p 

14. Which condition is NOT normally a cause of an air-cooled engine overhe^ng? 

a. Extremely hot weather c. Dirt in the cooling fins 

b. Loose shrouds d, A broken fan belt 
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15, Two adjacent cylinders failing to fire usually indicates 

JU two defective cylindexs. ^ 
b.^ faulty spark plugs, 
c/ a "blown'' head gasket, 
water in the cylinders.* 

16^ To remedy the condition of a blown head gasket, the gasket must be replaced only ^ter 

a. a good sealer is^used. 

b. all cylinder head bolts are checked for strength. 

c. the cylinder head and block are checked for a flat, smooth surface. 

d. obtaining a new cylinder head. 



17. A cylinder head may be the source of preignition due to 

a. a crack in the heady c. water in the cylinder. 

' b. carbon build-up. J d. burning oiL 



18. A cracked piston head will result in 

a, intake with no compression. 

b. cojgtpression, but no intake. 
c« c4npression, but no power, 
d* no compression and no power, 

19. What results of a compression test indicate a need for piston ring replacement? 

a. Low "dry" test and high "wet" test readings 

b. High "dry" test and low "wet" test readings 

c. Low "dry" test and low "wet" test readings 

d. " High "dry" test and high "wet" test readings 

20. If an engine will not start, although the Ignition spark and fuel supply are good, wjiat 
is a possible cause of the malfunction? 

a, Wc^n piston rings c* Mis alined timing gears 

b. Bxlrnt valves d« Worn camshaft bearings 

21. W^at effect will worn camshaft lobes have on the valves ? * 

a. The valves will become burnt. ^ 

b. Th^opening distance will be too great. 

c. The o|9ening distance will be too short. 
/ d. They w^ill not close, < 

22. If valveyare adjusted too tightly, what will be the end result? 

a, C/acked pistons c« Burnt valv^^ 

b, worn piston ring9 d, A cracked cylinder head 

23. If a pushrod bi^comes ^ent« wh^t affect will it have on the operation of the valve? 

a. The valve opening will increase, 

b. The valve opening will decrease, 

c. The valve will become burnt, , 
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24. What affect will poor rocker arm lubrication have on the valve train 

a. » Frequent need for valve adjustment 

b« Late valve opening 

c. Weakening of the valve springs 

d« Camshaft lobe wear f[ 

25. If a compression test indicates an open combustion chamber, what should you do 
before removing the cylinder head for repairs? 

a. Loosen the head bolts and re-test* 

b. Run the engine for about 10 minutes and re-test^ 

c. Change engine oil and re-test. 

d. Adjust the valves and re-test. 

26. What cools the valves to prevent them from burning? 

a. Cylinder head c. Rocker arm 

b. Cylinder block d. Valve seat 



27. What is a major. cause of crankshaft failure? 



^a. Insufficient coolant c. Sudden acceleration / 

b. Improper lubrication d. "Revving" the engine ' 



4 / 
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' AUTOMOTIVE ENGINE MAINTENANCE AND REPAIR 

Lesson 4 ' 
Engine Disassembly 

STUDY ASSIGNMENT: " MCI 35. 8. Automotfvi Engine Maintenance and Repair, chap 4. 
intfernal combustion engine. 

' , / 

WRITTEN ASSIGNMENT: 

box. * jyt 

Value: 1 poi|t eacp^ 

1. " Poor engine repair preparation may result in failure to locate defects and cau^e 

, ^ c. broken parts. 

a. lo«t P^'^/- d.. cracks in the engine. • 

b. further damage. 

2. TO prevW foreign matter from entering the engine during engine repair preparation 
you must 

a. clean the engine with a high pressure hose.' 

b. clean the engine with cleaning solvent. 

c. remove ALL accessories. - * 

d. cover ALL openings. . ' 

3 If a high-pressure cleaning unit is not available, the engine ^may be cleaned with a high 
pressure water hose and then oil and grease is removed with 

a. a scraper. , ^' cleaning solvent. 

b. a "wipe rag." ^ d. gasolihe. 

4. When the engine is thoroughly cleaned and drained, the next step is to 

\ ... „-#=„o - c make sure the shop is thoroughly cleaned. 

5. •«,!»» do you oheck most p«-.s » Mke »»r« yo» o" »=• <1"» "^'^ °"' 

repair phase? 

V. the cylinder head should be cleaned in an area separated from the engine block so that 

4 * 

a you ijave more working space, 
b* the cylinder head does not become contaminated, 
c'. the engine does not become contaminated. ' 
d. you will not get dirty. 

/ 
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7. The cylinder head will warp easily when removed from the cylinder bteck. You can pre 
vent this by " ; ^ 

a. standingjit straight on its end. c. leaning it against a sturdy object. 

b. laying it flat. d. leaving it on the engine uijtil you work og it. 

8. An inspection of the cylinder head gasket will reveal what defect? ^ 

a. ^ Defective piston rings c. Lreakage 

b. Defective valves d. Cracked piston head 

:\ 

9. Before removing the rocker arm shaft, what must be accomplished 
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a. Rembve the cylinder head. c 

b. Remove the rocker arms. d 



10. Preliminary inspection of the rocker arm ;3haf1 is made by 



a. removing rocker arms. c 

b. measuring the shaft end pU)^ « d 

^1. * When are the pushrods riemoved from the engir e? 

* a. After removing the rocker arm cover 
b. Before removing the rocker arm shaft 



tighten the valve adjustment. 
I^bosen the valve adjulltment. 



working the rocker arms up and down, 
clxecking the valve adjustment. 



Before removing the cylinder head 
1. After removing the cylinder head 

, ' i- ^ 

12. Which test do you joerform on t^e oil pump pribr %t> removing it fi^om the engine? 



'a. Backlash i. End play 

^ fc^; Runout • Id. ^^de play * 

13. Connecting rod side play is checked between the connecting rod cap and the 

. a. crankpin. • c. piston, 

b. crankshaft throw. ^ d. f)iston pin. 

14. Why mu^jj^the ridges in the cylinder be reamed before rtew piston rings are installed? , 

a. Because the piston CANNOT be removed 

b. New rings will strike the ridge 

c. The carbon on the ridge causes preignition 

d. The piston cannot travel as high with new rings 

15. When should ridges be removed from the cylinder walls? 

a. Before installing a new piston or rings 

b. Before removing old piston and rings 

c. Each time the cylinder head is removed 

d. After removing the connecting rod bearing caps 

16. What is done to protect cylinder walls during the ridge reaming process? 

a. Turn the engine on its side. c. Place an oily cloth inside the cylinder. 

b. Turn tKe engine upside down. * * d. Place a clean cloth inside the cylinder. 
-A - " ' 

17. Why are connecting rod caps and pistons reftioved'one at a time? > 

I 

a. To keep them in order c. To prevent damage 

b. To prevent loss * d. Because it is easier 
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18. To ensure proper positioning of connecting rods and capr« what is done to the components? 

m a. Bolt them together. ^ c. Mark both on the same side. 

l)« Mark one with the cylinder number. / ' d. Lay them in order on the woiicfaen^ch. 

19. The piston is removed with a ball peen hammer. How is the hammer used to do this? 

a. Tap the connecting rod with the hammer head. 

b. Tap the connecting i^d with the hammer handle. 

c. Push the connecting rod with the hammer head. ^ 

d. Push the connecting rod with the hammer handle. 

y ^ . 

20. When removing the piston, care must be taken to prevent striking the cylinder walls and 
the 



ankshaft throw. c. piston rings. 

^ / b. crahkpin. d. piston skirt. 

, 21. If timing gears are not checked before removal, you may have to 

a. use them even if they are defective. c. check them after you remove them, 

'b. change them after reinstalling them. d. order them at a later date. 



22. The backlash check of the timing |ears measures the 
* a. free play between gear teeth. 

b. movement of the gears toward and away from the engine. 

c. amount of warpage in the gear. 

d. time the valves open and close. 

23. To perform the timing gear runout test, the dial indicator plunger is placed on the ^ 

' ' * - * .. • 

a. timing gear%e^aining bolt. c. end of the gear. 

b. , gear tooth. * * 

i '■ ' ' '" 

2^ Tq perform the camshaft end play test, the timing gear must be moved in what manner? 

^ aj Away from the engine 
^■bi One complete rotation^^ 

c|. Rotated, just touching the teeth of the matching gear 

' . • ' / • *~ 

25. The crankshaft gear is ren^^^d first because the teeth of the camshaft gear cause it to 

a. resist the gear puller. ^ c. "pop" off the shaft too easily. 

b. turn with the gear puller. d. warp. 



26. 



Why must the crankshaft damper retaining bolt be installed prior to inst^ing the gear 
puller? 

a. To prevent Hamage to the gear teeth c. To prevejt damage to the g^r puller 

b. . To prevent ^d a mag o to the shaft threads d. •To prevent warpage of the gear 

. 27. Why is the camshaft gear retaining bolt loosened prior to installing the gear puller? 

a. So that the puller will not break free c. To prevent damage to the puller 

b. So that the gear will break free d. To prevent damage to the threads 

' 28. What type puller is used to remove the clutch pilot bearing? 

a. Outside caliper gear puller c. Slide hammer type puller 

b. ^Bolt on type gear puller d. Inside caliper gear puller 
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29f What test is pe^-formed on the flywheel prior to removal? 



a. Backlash 

b. End play 



c. Side play 

d. Runout 



30. What defect do we look for in the flywheel ring gear? 



a. Runout 

b. Side play 

% 

31. Qraokshaft end play may be measured at the 



c. Chipped teeth 

d. Backlash 



^ a. center and flywheel end. 
fo. center an^-'damp&r end. 



•c. flywheel and damper ends, 
d. center. 



32. If the crankshaft end play is higher than the TM tolerance specifies, you must replace the 



a. thrust bearing. ^ 

b. rear main bearing. 



c. front main bearing. 

d. crankshaft. 



33, Crankshaft warpage usually occurs during repair when it is 

^e^n^d ag 



a. laid on a flat surface. 

b. stored ^ a hot room. 



c. ^e^n^ against an object. 

d. stored in a cold riDom. 



34. When working on an engine which requires the camshaft to be removed before the tappets, 
* damage to the shaft and tappets is prevented by 

a. lifting each tappet as necessary whil# removing the camshaft. 

b% turning the engine on its side to allow the tappets to clear the camshaft. 

c. tuxniing the engine upside-down, 

d. try to remove the tappets first anyway. 

35. To- remove the camshaft, you remove the thrust plate retaining screws and 

a. pull the camshaft forward. 

b. pull the camshaft rearward. 

c. lift the camshaft carefully out of the block. 



' if 
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43*^^ " AUTOMOTIVE ENGINE MAHITENANCE AND R^PAIS. ^ 

Lesson <5 • \ 

Engine Repair * ^ 

STUDY ASSIGNMENT: Ma 35. 8, Automotive Engine Maintenance and Repair, chap para 5- 

through 5-5. I 

LESSON OBJECTIVE: Upon successful completion of,thig4esson, you wifl be able to identify the 

• ^ basic ^procedures used in the repair of engine, components of the reciprocating, 

internal-combustion engine. • , ' 

WRITTEN ASSIGNMENT: \ 

A. Multiple Choice: Select the ONE ^swer <(^hich BEST completed the statement or answers the 
question. Aftefr -jjjjj^corresponding" number on the answer sheet, blacken the appropriate box. ' 

Value: 1 point each . ^ _ ' 

1. Usability of parts is determined through close i^jspection and c 

^ / ^ r ' 

a. thorough cleaning. ^ «^ length of time already used. \ 

b. precision measurement. " ^ - d. length of^ti'me to be used. , \ 

2. When cleaning the interior of th^. engine, emphasis must be placed on clearing the 

a. oil passages. c. cylinder walls. y ^ 

b. water passages. ^ d. crankcase. \ . • 

3. During inspection of the engine block, you deteqt nicks, burrs, scores, and cracks in the ' 
machined surfaces. What is your next step? ' . .-^ ' 

a. Smooth out the surfaces. c. Discard the^block and get a new one. 

b. Attempt to seal the cracks. • d. Se^k advice from the nfachine shop personneh 

4. Dragging a straightedge across .the top of the cylinder block is part of the procedure for 
locating what defect? 

a» Nicks , hCT^ c. a blown head gasket , 

b. Burrs d. A warped cyljLnder block , 

5. A cylinder block is submitted to ffie machine shop for repair only when 

a. cracks are found. c. the blocWUs warped. 

b. nicks and burrs are found. d. all defeo^are, located. 

6. When measuring a cylinder bore to determine the need for^pair, what Wo measurements 
are taken? „ > 

a. Distortion and out-of-round / c. Taper and distortion 

b. Out-of-round and taper / d. Distortion and parallel 

7. A distorted cylinder may be^'repaired by what method? 

a. Honing c. Reborlng 

b. Using an oil stone d. Installing oversizetd pistons 
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8. What procedure aida new piston rings in seating? 

a* Reboring . Using sandpaper on cylinder walls 

Homng Using an oil stone on cylinder walls 

9. What procedure is used to stop the hone when honing a cylinder? 

a. Switch it off when it is in the bottom of the cylinder and pull it out after stopping 
h. Switch it off at any point in the cyUnder and pull it to the top while it is turning 
c. Pull it completely out of the cylinder before switching it off. 

\ 

10. What must be done to the honing stones while honing the cylinder? 

a. Keep the stones wet. 

b. Keep the stones dry. 

c. Keep the stones* rotating slowly. 

d. Keep the stones rotating at the highest possible speed, ^ 

11. Proper fit of now insert-type liners is accomplished by what method? * 

a. Honing ' Shaving 

^' d. Planing 

12. What tool is used in the removal of an insert-typejipcyjjlnder liner? 

a. Ball peen hammer c. Gear puller 

b. Brass drift d. Hydraulic ram and remover and replacer kit 

13. What must be done to a new cylinder liner after it has been installed? 

a. Apply a light coat of.OE 10 c. Tested 

b. Polished with a light sand paper d. Honed 

14. The cylinder liner must be pressed into the cylinder until the 

a. micrometer reads zero. c. liner flange is seated. 

b. mechanic's scale reads 0. 10. d. mechanic's square is even. 

15. The cylinder bore must be cleaned prior to installing the liner. This is accomplished by 

a. exterior type cleaner. c. crocus cloth and dry cleaning solvent. 

b. interior type cleaner. d. Uner flange type cleaner. 

18. Two things NOT used when installing cylinder liners are 

a. the shoe rad remover sleeve^ c. crocus cloth, and oil. 

b. , the ram kit and adapters. d. OE 10-20 grade oil and proper tools. 

17. When the cyUnder liner is instaUed, If it does not fit into position, what action must be taken? 

a. Try a new liner. Stop and investigate the cause. 

b. Try new sealing rings d. Start the entire procedure over. 



18. Badly scored valve tappet bores may be repaired by what method? 

a. Honing . . c. Using sandpaper' 

b^ Reaming . d. Using crocus cloth 
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19. Valv^ tappet clearance Is checked with the use of a 

a. ^feeler gage. c. mechanic's scale. 

b. . micrometer. d. dial Indicator. 

20. Camshaft front and rear bearings are removed from the engine by Installing the remover at 
their respective ends of the engine. The inner bearings may be removed from which end? 

a. Front only b. Rear only . c. Either end 

21. Before Installing new camshaft bearings, the engine block must be marked to 

a. ensure the correct bearing Is Installed. » 

b. position the bearing ends properly. 

c. ensure the bearing Is not Installed Inverted. 

d. ensure the oil passages are alined. 

. 22. What two tools are used to remove core plugs fro^ the engine block? 

a. Ball peen hammer and chisel c. Ball peen hammer and drill 

b. SUde hammer and chisel • d. Slide hammer and drill 

23. You are InstaUlng a new core plug In an engine block. At what point Is the plug Installed to Its 
proper depth ? 

a. When the plug seats In the rear, and can be driven no further 

b. When the plug -is Installed even^, regardless of ^ppth 

c. When the Installer flange is flush with the block 

d. When the outer edge of the pl|ig Is flush with the block , i 

24. Damage to the machined surfaces of the crankshaJPt will result In 

a. immediate engine failure. c. rapid bearing wear. 

b. clogged oil passage. d. loss of oil. 

25. Cracks In the crankshaft are signs of 

a. poor fit. c. poor lubrication. _ 

b. metal fatigue. . d. worn bearings. >^ 

26. To determine the out-of-round of crankshaft main journals and crankplns. two measurements 
are taken at what polntCs)*? 

a The rear of the journal or crankpln c. The center of the journal or crankpin 

b. The front of the journal or crankpln d. Both ends of the journal or crankpln 

27. What Instrument Is used to measure crankshaft out-of-round ? 

a. Micrometer c. Dial Indicator 

b. Mechanic's scale d. Square 

28. A dial Indlpator is used to measure crankshaft runout at what polnt(s) on the crankshaft? 

a. All main journals c. The center main journal 

b. All crankpins d. The center crankpln 

29. Crankshaft end play Is reduced or eliminated with the use of 

a. new center main bearings. c new main thrust bearings. 

b. new* connecting rod bearings. d. bearing shims. , 
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30, When measuring new bearings for crankshaft end play, what measuring device is used? 

a. Dial indicator J/^tjt^ ^ c. Micrometer 

b. Feeler gage ^' Mechanic's scale 

31. What is used to measure the bearing-to-crankshaft fit? 




a. Plastlgage aSd^^r gage c. Dial indicator and micromef(ei^ 

b. Feeler gage and diai indicator d. Telescopic gage and plastiga 

32. Which condition would not necessarily warrant discarding the flywheel? 

a. A chipped ring gear ^ c. Cracks 

b. Heat checks Scoring 

33. Prior to placing a piston in a vise for repair, what action must be taken? 

a. Remove the connecting rod. c. Cover the vise jaws. 

b. Cover the piston rings. d. Remove the vise jaw cover. " 

34. What is the procedure for replacing a flywheel ring gear? 

a. Heat the ftywheel and new ring gear. 

b. Cool the flywheel and new ring gear. • 

c. Heat the flywheel and cool the new ring gear. 

d. Cool the flywheel and heat the new ring gear. 

35. In what order are piston rings removed ? 

a. From the top beginning with the top ring 
. b. From the top beginning with the bottom ring 

c. From the bottom beginning with the top ring 

d, ^ From the bottom beginning with the Bottom ring 

36. The piston pin must be removed in order to accomplish removal of the 

a, piston pin retainer. c. connecting rod. 

b. piston rings. d. piston from the block. 

37. What portion' of the piston may be cleaned with a wire brush? 

a- Head c. Ring-lands 

b. Ring grooves d. Skirt 

38. Special tools are designed to clean what portion of the piston? 

a» Head c. Ring lands 

b. Ring grooves d. Skirt 

39. Piston fit is checked with the piston in what position? 

a, HaUway inside the cylinder c. Top side up 

b. Level with the cylinder top d. Bottom side up 

40. Wilch tool or combination of tools used to check piston fit? 

a. Dial indicator only c. Feeler gage and tension scale 

b. Dial indicator and feeler gage d. Feeler gage only ^ 

41. The clearance between the piston and the cylinder walls is determined by the 

^ a. thickness of the feeler gage used. c. tension indicated on the tension scale. 

b. size of the tension scale used. d. thickness of the gage and the pull in pounds. 
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42. Piston ring end gap and side clearance axfejshecked with a feeler gage. Which U correct for 
these measurements? V 

a. End gap and side clearance are checked with the ring in the cylinder* 

b. End gap and side clearance are checked with the ring installed on the piston, 
c* End gap is checked in the cylinder and side clearance on the piston. 

d. End gap Is checked on the piston and side clearance in the cylinder. 

43. Piston pin to connecting rod clearance (piston pin fit) Is checked with which instruments? 

\ 

a. Telescopic gage and feeler gage c. Dial indicator and micrometer 

b. Feeler gage and dial indicator d. Micrometer and telescopic gage 

44. Which tool, or combination of tools Is used to remove and install plstoa pin bushings? 

a. Arbor press c. Hammer and 4rlft 

b. Hammer and chisel d. Hammer, chisel, and drift 

45. To check the out -of •round and taper of a connecting rod bearing, measurements must be 
taken at each end of the bore. At what points^ are these measurements taken? 

a. One is taken In-line with the rod and two at 45* angles to the first one. * 

b. One Is taken at a 90* angle to the rod, and two are taken at 45* angles to the first one, 

c. One is taken in-line with the rod, and one is taken at a 90* angle to the rod. 

d* One is taken at a 45* angle to the rod, and one Is taken at a 90* angle to the first. 
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Lesson 6 

Engine Repair "and R eassembly 

STUDY ASSIGNMENT: MCI 35.8, Autgrnotive Engine Maintenance and Repair. ^ chap 5, T)ara 5-6 
tl^ough 6-^7. and chap 6, 

LESSON OBJECTIVE: Ui*n. successful completion of this lesson, you wUl be able to identify 
the basic procedures used in the repair of cylinder heads and valve 
mechanisms, and in the reassembly of an engine after all repairs have 
been accomplished, 

WRITTEN ASSIGNMENT: 

A. Multiple Choice: Select the ^E answer which BEST completes the statement or answers 
the question. After the corresponding number on the answer shee^ blacken the appropriate 
box. 



Value: 1 point each 

1. When removing the valves, which tool is required? 

a« Valve guide reamer 

b. Valve guide remover installer 

c. Valve spring expander 

d. Valve spring compressor 

2. The valve spring seat can only be removed after the j| i8(are) removed, 

a. valve guide c. valve seat 

b. stem locks a. valve springs 

-3. To check for cylinder head warpage, which gage is used? 

a. Feeler gage c. Plastigage 

b. Dial indicator d. Micrometer 

4. What is the purpose of grinding the cylinder head? 

a« To aid valve seating 

b. ^To-obUin a flat gasket surface 

c. To elimi^te^ux^s 

d. To eliminate the need for a cylinder head gasket 

5. What is the purpose of a valve seat runout test? 

a. To ensure ^thift the valve seat is wide enough 

b. To ensure fiiat the valve seat is not too wide 

c. To ensure that the valve seat is round 

d. To ensure that the valve seat is smooth 



S 



Isn 6; p. 1 



6^ To check valve seat runout, the dial indicator is attached to the 

a/ cylinder head gasket surface. 

b. valve seat. 

c. valve guide. 
d« spark plug hole, 

.7. What affect will a valve seat have on the valve if it is not of the proper width? 

t 

a« Improper cooling c. Valve stem wear 

b. Valve stem warpage d. Valve face wear 

8. The valve seat may be raised or lowered, as required, by what method? 

a. Replacing the valve seat insert 

b. Raising or lowering the position of the valve seat insert 

c. Grinding the valve seat 

9. If a valve seat is warped or damaged beyon^l repair, what tools are used to remedy the 
^ defect? 

a. Drill motor and grinding stone 

b. Hcummer, chisel, and drift 

c. Puller and arbor press 

d. Puller, hammer, and drift .c 

* ?> 

10. To check valve stem to valve guide clearance, th'fe dial indicator plunger is placed against 
the valve at what point ? 

a. Valve head c. Valve face 

b. Valve face margin d. Valve stem 

11. In some cases, a damaged valve guide may be used if an oversized valve can be obtained. 
What can you do to make the valve guide usable? 

, ■« 

a. Hone the bore. - c. DrUl the bore. 

b. Ream the bore. d. Sandpaper the bore. 

12. In order to remove a valve^uide from an L-head engine, what must be done to the guide? 

a. Break off the top of the guide. 

b. Break off the bottom of the guide, 

c. Drill out the guide, ^ 

d. Drive it out from the bottom. 

13. In order to prevent the valve guide from being driven too deep during installation, what 
method shouldTbe used? * 

a. Mark the tuide at the specified disfance from the top. 

b. Mark the guide at the specified distance from the bottom. 

c. Hold a mechanic's scale alongside the gujlde while driving it in. 

d. Watch the valve seat end of the guide to insure it is driven flush with the 
edge of the casting. 



32 



35.8 

Isn 6; p. 2 



1 



MJA GOVERNMENT PBIfrriNG 0FFIC6;1975 211-248/1-12 1-3 



14. 



The valve Illustrated below haa what defect? 




c. Cocked stem 

d. Burned face 



15. If valve face runout exceeds the limits of the manufacturer's specifications, what may, 
be done to correct the defect? 

a. Grind the valve seat, c. Grind the valve face margin. 

b. Grind the valve face. d. Grind the valve stem. 

16. In the repair of the valve train, three tests are performed on the valve spring. Which 
of these tests, when manufacturer's specifications are not met, would NOT require 
you to discard the valve? 

a* Valve spring squareness ^ 

b. Valve spring pressure 

c. Valve spring installed height 

17. To clean the bore of the rocker arm shaft, the | must be removed. 

a. "G" ring c. springs 

b. oil tubes d. expansion plug 

18. To correct excessive wear of the rocker arm shaft, what action must be taken? 

a. Replace the shaft. ^ c. Use oversissed rocker arms. 

b. Grind the shaft. d. Use undersissed rocker arms. 

19. If wear is not visible on the rocker arm shaft and the rocker arm bore, they must be ' 
checked next with what device? 

a. Feeler gage c. Micrometer 

b. Dial indicator d. Mechanic's scale 

20. Which pushrod defect cannot be corrected without replacing the component? 

a. Nicks ' c. Burrs 

b. Scores d. A bent condition 

21. If a di^ indicator test indicates that a valve tappet has become worn to the extent 
that it is too^small for the tappet bore, what action should you take? 

£U Replace the tappet with a new one of the original size. 

b. Hone the tappet bore to prevent further wear. ^ 

c. Ream the bore and use an oversized tappet, 

d. Switch the tappet With one from another bore, as this will compensate for the 
excessive wear. 

22. During the main oil gallery pressure check of the camshaft, air bubbles appesuring at the 
surface of the water indicates a faulty 

• a. main oil gallery. c. oil passage, 

b. main beating surface. d. oil plug. 
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23. In what position must the camshaft be to perform the cam lobe lift test' 

a. In its original position in the engine 

b. In an inverted position in theengine 

c. Laid on a workben^ ~ 

d. Standing perpendicular on a workb'^ich 

24. Cam lobe lift is measured by placing a di^ indicator at the lowest point of the lobe 
*and rotating the camshaft what amount? 

a. One-fourth o/a^tum c. Three-fourths of a turn 

b. To the highest point d. One complete turn ^ 

25. The camshaft is placed in "V" blocks to perform what test? 

a. Strength c. Runout ^ 

b. Wear , d. End play 

26. A warped camshaft, when reinstalled in an engine, will caus^ 

a. vibration. f^^^ rapid bearing wear. ^ 

b. engine runout* d. camshaft runout. 

27. To determine camshaft bearing running clearance, you must measure the inside 
cUameter of the bearing and the 

a. outer diameter of the bearing. ^ 

b. outer diameter of the camshaft main bearing journal. 

c. inner diameter of the bore of the casting. 

28. The crankshaft rear main bearing differs from other main bearings in what respect? 

a. It is larger. c. It has no seal. 

b. It is smaller. d. ' It has a seal. 

29. Before you install the crankshaft main bearing halves iiwtfie engine, you must 

a. measure them. c. clean and lubricate them. 

b. clean and dry them. d. torque them.* 

30. The crankshaft-bearing-half tang must fit into the slots provided or the halves will 

t 

a. turn. ' c. not seat. 

b. wftgr rapidly. d. break. ^ 
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31. When^Pstalling bearing caps, what must be done to the bearing cap bolts ? 

a. They must be thoroughly dr^ed. 

b. They must be dipped in cleaning solvent 

c. They must be lubricated with OE 10. *^ 

d. They must be lubricated with GAA. 

32. HoW'is the center main^earing cap centered? 

a. By placing it in position and measuring 

b. By pr3dng both sides of the cap against the crankshaiV 

c. By prying the bearing and crankshaft toward the front pf the engine 

d. By holding the crankshaft at one end of the engine, while prying the bearing 
cap into position 
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33. When InstaUing the crankshaft, which bearing tightened to manufacturer's 
specifications first? 

a. The front c. The rear 

b. The center d. The first bearing installed 

34. After the crankshaft Is Installed, It must be checked for 

a. runout. backlash, ' 

b. end play. . d. running clearance. 

35. Which Is NOT a necessary check after camshaft Installation? 

a. End play c. Runout 

b. Backlash ' d. Running clearance 

36. Which is the correct sequence for tightening flywheel bolts during installation? 

a, aockwlse c. Every other bgft 

b. Counterclockwise d. Across from one another 

37. What method Is use<| to install pilot bearings? 

a* Arbor press . ' c. Slide hammer 

b. Hammer and drift d. Gear puUer/lnstaller 

38. What protects the crankpins during piston Installation? 

a. The connecting rod- cap bolts \ 

b. The connecting rod saddle shouldjh: 

c. A rubber hose lnstalle(| on the rod cap bolt * 

d. A rubber hose installed on the rod saddle shoulder 

39. DVhen a piston is notched, what does the notch indicate? 

^ ^ont c. Right side 

b. Left side " d. Rear 

40. A ring compressor is used during piston installation to ensure that the rings do not 

a. slip out of the grooves. c. slip out of the cylinder. 

b. bind ag^nst the lands. d. bind against the top ed^fe of the cylindtsr. 

41. Before tapping or pushing the piston into the cylinder the crankpln should be positioned 
at what point of its rotation ? 

a. TDC c. BDC 

b. 90'» after TDC d. 90* before TDC 

42. What check should be made after each piston is installed? 

a. Connecting rod beaz*ing running clearani:e 

b. Connecting rod end play 

c. Connecting rod side play ' 

d. Connecting rod backlash 
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43. 



Prior to installing the oil puinp« number one piston should be brought to the top of 
the cylinder, and the timing gear marks alined 



lA. 180'' apart. 
*. 90* apart. 



. c. 45' apart, 
d. according to manufacturer's 
specifications. 



44. 



45. 



To i^tall the oil pan, the screws are tightened in what sequence? 

c. Center to ends 



a. Front to rear 

b. Rear to front 



During valve installation, which of the following items is NOT installed on the valve 
stem, prior to compressing the valve spring? 



a. Valve stem lock 

b. Valve spring sleeve 



Q. Valve stem seal 

d. Valve spring retainer 



When installing the valves in an L-head engine, what is the first component to be 
placed in position? 



a. Valve 

b. Valve spring 



c. Valve locks 

d; Valve spring retainer 



47. Which illustration represents the correct sequence for tightening cylinder head bolts 



<!> <2> 0 <r> * <& 




b. 



c. 



d. 



vfO <1> 0 0 



0 0 0 ^. 0i, 



/r ^ 

0 0 0 0 
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48. Whei|e does the pushrod seat when it is installed in the engine? 



a. the valve tappet bore 

b. In the valve tappet recess 

c. On the cam lobe 

d. On the rocker arm 

49. Whi][e installing the rocker arm shaft assembly, the rocker arm must seat on both 
the ^alve stem and the 

a« x^pcker arm shaft support. " 

b. rpc^er arm locating spring. t ^ 

c. p^iishrod. 

d. tapped ' 

5a. What is^he^ast task to bfe accomplished in the assembly of the engine? 

a. Install the rocker arm shaft. 

b. Adjust the valves. 

c. Seat the rocker arms. 

d. Selat the pushrods. 



Total Points: 50 
* * * 
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PREFACE 

Automotive Engine Maintenance and Repair is designed to help Marines, Private through 
Sergeant, in MOS 13521, increase their knowledge abojut the construction, operation, malfunction 
diagnosis, maintenance, repair^ and overhaul of the internal- combustion, reciprocating engine. 
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Chapter 1 

BASIC ENGINE CONSTRUCTION AND OPERATION 

Marine' Corps units rely hea^^pon motor transport to help them accomplish their mission, 
and the motor transport unit, ift-turn. stands or falls on the merit of the work done by th« 
mechanic. Because of the shortage of good mecha|>lcs in the Marine Corps, the ^^ance for 
advancement in the field is excellent. Your duty as a mechanic is to maintam vehicles In the 
best possible operating condition and to restore defective vehicles to a Uke.new condition. 
This calls for accui-ate diagnosing of defects and expert workipanshlp in the repair of those 
defects. 

To be a g6od mechanic and advance in rank, there are a few simple guidelines you must 
follow First and foremost, you must be competent, but do not rely on your memory for re- 
pairing a vehicle. Know your job and use the technical manuals (TM's) published for the vehicle 
on which you are working. These TM's are available in every maintenance shop in the Marine 
Corns Vou must be effLient; do the job to the best of your ability in the shortest time possible. ^ 
You" must be attentive; devote your undivided attention to your work. If a necessary distraction 
arises stop your work until you can once again give it your full attention. You must be orderly, 
estimate what tools are needed to accomplish the job and lay them out in a convenien area to 
avoid walking back and forth. While working on a unit which Requires ^'^"^"'"^^y' . 
parts out in the order in which you remove them. Orderliness will not on y make reassenibly 
easier, but lessen the chance of losing parts. Keep your area and yourself as -l^-^- P""'*' «• 
Do not allow debris and scattered tools to accumulate in your work area. This makes your 
area Ld y^ur person easier to clean at securing time. Be courteous to others and they will be 
more likely to help you when you need it. and a mechanic ^'•^^""^ly ""^^ ' J°" 

must observe safety procedures. Always be on the lookout for unsafe conditions and av°id 
horseplay. All the things mentioned here are the things that your supervisor notices and takes 
into consideration when you are due for promotion. 

Let's take a look now at what you will be doing as a Marine Corps mechanic. Most of your 
work will probably consist of maintenance which involves such things as oil changes, chassis 
Tubrica ioi inspe'^tion of vehicles, and tuneups. If performed properly. ^^^^^ 
you a lot o hea^y repair work. It helps you to spot troubles at an early stage while 
adjustment or repair is required. Probably the most important thing for a mechaiiic to know 
isC to Siagnose troubles in a motor vehicle. This diagnosis consists merely of Performing checks 
and tests In a logical, systematic sequence. This procedure saves you. the mechanic, time 
and can save the Marine Corps thousands of dolUrs annually. Time and money are saved be- 
cause you replace or repair the right part the first time. Last, but not least you will be 
repairing vehicles. These repairs call for skill in disassembly, replacement, machining, and 
reassembly of parts and. sometimes the entire vehicle. 

We will start you on the road to success as a good mechanic by presenting to you the 
theory maintenance, and repair of the reciprocating, internal-combustion engine. " y"";';^^ 
to get"^ he most from this course, it will be to your advantage to acquire an 

preferably a small military engine such as the one used in a jeep. However, this is "^"^"^ 
in order to complete the course successfully. If you are Interested In this, you may find your 
motor transport chief quite helpful in locating an engine if you just ask him. You have some 
time to obtain the engine as you will not use it until the third lesson. 

To properly maintain and repairman engine, you must first know how it is constructed and 
how it operates. 

Section I. ENGINE CONSTRUCTION 

1-1. ENGINE BLOCK 

The engine block functions as the main body of the engine. We call it the main body 
because all parts of the engine are either inside of the engine block or.attached to the outside 
oHt The engine block is usually a one piece casting of iron. However, we are going to discuss 
it in two parts; the crankcase and the cylinder block, ^ 
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First, let's discuss the lower portion of the engine block. This, as you can see in figure 
1-1. Is the crankcase. 




Fig 1-1. Four-cylinder engine block with crankcase enclosed by an imaginary box 
(left rear view). 

The crankcase, which functions as a support for the crankshaft, is hollow inside with one or 
more rib-like castings which form the main frame (fig 1-2). This is where the crankshaft is 
supported. The crankshaft will be discussed later. 




Fig 1-2. Four-cylinder engine block (bottom view). 

The upper portion of the engine block is the cylinder'block. This portion contains the 
cylinders, the water jacket, and oil passages (fig 1-3 and 1-4). 




Fig 1-3. Four-cylinder engine block showing water jacket with coolant flow around 
the cylinders. ' A O 

1-2 ^ 



Fig 1-4. Oil passages of a three-cylinder engine. 



The cylinders are individual housings for the pistons. They are large holes cut into the 
cylinder block, extending completely through it. The walls of the cylinders are machined smooth 
to reduce friction generated by the moving parts inside them. 

The water jacket, a large passage cast into the cylinder block, surrounds the cyUnders. 

-oolant to maintain a safe temperatu^fyhile the engme IS 



contains 



It contains water or a commercial cc 
operating. 

The oil passages provide a means of distributing oil under pressure to all moving parts 
of the engine to reduce wear and aid the water jacket in its job of cooling the moving parts. 

The cylinder block also, in most cases, contains ^ camshaft, and. in some cases, 
the valves. These will be discussed later. 

Look at the top of the cylinder block in figuril-S. You will see. in addition to the cylinders, 
several smaller holes cut into the surface. The larger of these are valve ports. Some of the 
others are cut into the water jacket and others are cut into the oil passages. Later, we will 
learn why this is done. The surface of the cylinder block top is machined smooth, and must be 
perfectly flat. This brings us to the next part to be discussed, the cylinder head. 



WAIER PASSAGES 
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PORT OPENINGS 
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Fig 1-5. Six-cylinder engine bl^ock (right rear view). .-j 
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1-2. CYLINDER HEAD 



The cylinder head is bolted to the machined surface we just mentioned. Its function Is to 
enclose the top of the cylinders. If the top^of the cylinder block must be smooth and flat, then 
it is reasonable to assume that the surface of the bottom of the cylinder head which is bolted to 
it must also be machined smooth and perfectly flat. Notice that figure 1-6 shows some cupped - 
out areas in the bottom of the cylinder head. These will fit directly over the cylinders and form 
combustion chambers. In these chambere, gases are burned to produce energy for the engine. 




lonoM view )^ 



Fig 1-6. Cylinder head of a Six-cylinder engine (valves housed in engine block). 

In addition to the cupped areas, you can see that several small holes are cut into the 
bottom of the cylinder head. These holes will match the holes in the cylinder block when the 
head is bolted on so that oil and water may pass from the cylinder block into the cylinder 
head. From there, tne oil is recirculated back through the blocK. while the water leaves the 
engine through the large hole which you see in the top of the cylinder head. Once water leaves 
the engine, it is cooled m the radiator and sent back into the cylinder block. It has not been 
mentioned, but the cylinder head must'also have a water jacket and an oil passage to receive 
the water and oil from the cyUnder block. Figure 1-7 shows the cylinder head in position to be 
installed on the cylinder block. 



CYLINDER HEAD 




CYLINDER HEAD GASKET 



ENGINE BLOCK 

Fig 1-7. Six-cylinder engine block and cylinder head (valves housed In head). 

Now that wetiave enclosed the cylinders and formed the combustion chambers where the 
burned gases produce energy for the engine, we must have something to put this energy to 
work. 

1-3. PISTON AND RELATED PARTS 

The energy produced by the burning gases is heat energy* and, with nothing to work on, 
heat energy is nothing more tharra means of warming an area. We want to convert this heat 
energy into mechanical energy to operate the engine. This is the function of the piston. The 
piston is a hollow metal tube with the top enclosed. It Is on this enclosed top that .the heat energy 
works. The energy produced by the heat drives the piston down Inside the cylinder where It is 
housed. In th« same manner that gunpowder would drive a cannonball through the barrel of a 
cannon when it is fired. Let's take a look at this piston we are talking about in figure 1-8, 



LANDS 
PISTON PIN HOLE 




GROOVES 



Fig 1-3. The piston. 

m 

As you can see, near the top of the piston is a series of lands and grooves around the 
outside of the piston. Just below these lands and grooves is a hole which extends through the 
piston. 

If we allow some of the energy produced by the burning gases to pass between the piston 
and the cylinder walls, it becomes wasted energy; therefore, we must have a pressure-tight 
seal between the piston and the cylinder walls. To get the seal, we make use of the lands and 
grooves near the top of the piston in the following manner. We install a set of rings in the grooves 
(fig 1-9). The top two rings, which are called compression rings, form, the pressure-tight seal 
which we need. The piston moving in the cylinder causes friction. Even though the smooth 
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surface of the cylinder walls helps to reduce the friction. It Is not enough. To further reduce 
the friction, the cylinder walls must be lubricated. This presents another problem. When 
the piston travels down Inside the cylinder, if the oil remained on the cylinder walls, it would 
be burned with the gases and eventually there would be no more oil. This situation is taken care 
of by the bottom ring, the oil control ring.\ Its ftinctlon is to wipe excess oil from the cylinder 
wall as the piston travels downward. The oil control ring Is usually a three-piece ring. 




COMPRESSION RINGS 




OIL CONTROL RING 
(upper half) 




OIL CONTROL RING 
EXPANDER 




OIL CONTROL RING 
(lower half) 



Fig 1-9, Piston rings. 

So far we have heat energy being converted to mechanical energy by the piston, but like 
heat energy, mechanical energy must have something to work on. or it is wasted. The piston 
traveling straight down must, by some means, cause the wheels of the vehicle to rotate. So 
the up and down motion, or, more technically, the reciprocating motion, of the piston must be 
converted to a rotary motion. Now the cranksheift, which delivers power from the engine as 
we will soon see, turns in a rotary motion. Next the piston must be connected to it in some 
way to allow this change of motion. Here is where we use the hole In the piston that was men- 
tioned earlier. A snug-fitted pin Is manufactured for this hole, which we will call the piston 
pin hole. The pin is u^ed to attach a rod, known as the connecting rod, to the piston (fig 1-10). 
This is done by inserting the pin through the piston pin hole and a piston pin bushing (a friction- 
type bearing) located in a hole at the top of the connecting rod. 




Fig 1-10. Connecting rod and related parts. 
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The connecting rod is allowed to swing freely on the piston pin in much the same manner 
as your hand swings to and fro on your wrist (for this reason, you will often hear the piston pin 
referred to as the wrist pin). The bottom of the connecting rod is connected to the crankshaft,^ 
the topic of our next dis<:ussion, 

lr4. CRANKSHAFT 

As Stated pr^usly. the crankshaft delivers power fram the engine. The function of the 
crankshaft is to change the reciprocating motion of the piston to rotary motion, 

• 

The crankshaft, which extends through the length of the engine, contains a series of throws 
and journals (fig l-lD. Some of these journals are on the shaft inself, and others are located on 
the throws. The journals on the centerline of the shaft are main journals; those located on the 
throws are crankplns. As you have probably noticed in figure l-U. the throws cause the crank- 
pins to be offset from the centerline of the crankshaft. 

The purpose of the main journals is to allow the crankshaft to be connected to the crank- 
case and still rotate, A main bearing cap is bolted over each of the crankshaft main journals 
after the crankshaft is ppsitioned in the crankcase. 

The purpose of the crankpins is to provide a piacp to attach the connecting rod to the crank- 
shaft After the connecting rod is seated on the crankshaft, a connecting rod bearing cap is 
bolted over the crankpin to the connecting rod. Therefore, when the piston is driven down in 
the cylinder, it drives the connecting rod, which drives the crankshaft throw, causing the crank- 
shaft to rotate (fig 1-12). 




— CENTERLINE 



CRANKPIN 



MAIN 
JOURNAL 



THROW 



Fig I-ll. Four-cylinder-engine crankshaft, ^ 

In some engines there is a short interval when the pistons do apt drive the crankshaft. ^ 
However if we provide enough momentum, the crankshaft can travel through this short 
portion of its rotation. To accomplish this, we bolt a large wheel, known as the ^y^heel to 
the rear end of the cranksifeft. This flywheel is very heavy, and the momentum produced 
by its tumuig^nables it to accomplish the function of carrying the crankshaft through 
n)tation when the crankshaft is not receiving p©wer from the piston. 

A certain amount of vibration is found in the crankshaft at times and, to reduce this vibration, ( 
a small wheel, called a vibration damper, is bolted to the front end of the crankshatt, Thlg 
. vibration damper often serves as a pulley for the fan, generator, ^^^^^^^ 
1-13 gives us an idea of what the components we have discussed would look like if they ^^re 
assembled outside the engine block. With the exception qf the flywheel and the vibration damper, 
all the moving parts discussed to this point require lubrication. They are lubricated by engine 
oil stored inside the engine oil pan. % 
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Fig 1-12. The crankshaft changes reciprocating motion to rotary motion. 
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Fig 1-13. Major moving parts of the engine. 



1-5. OIL PAN 

As the name implies, the oil pan is constructed like a large metal pan and is shaped to 
fit the engine crankcase. 

The oil pan, a reservoir for engine oil, is bolted to the bottom of the crankcase, enclosing 
the crankcase and all moving parts inside it (fig 1-14), Oil is picked up from the oil pan by 
an oil pump and distributed throughout the engine. 




Fig 1-14. Oil pan and related parts. 

1-8. - VALVE MECHANISMS 

Remember earlier we were discussing heat energy and mechanical energy? Well, let's 
discuss heat energy a little further. To have heat energy, we must burn fuel. After we have 
burned that fUel we must get rid of the burned gases. Ports are provided in the engine for^his 
purpose. In some engines, valves are required to open and close th'ese ports at a given time to 
allow raw gases to enter tfi[e combustion chamber, and burned gases to leave the chamber. While 
the ftiel is being burned, these valves help to seal the combustion chamber to allow the heat 
energy to work on the piston. There are several valve arrangements used, which wiU be dis- 
cussed in paragraph 2-2, 

The valve is a long stemmed device with a mushroomed top. It is this top which seals the 
ports while the gases are being burned. The mechanism required to operate the valve consists 
of a valve guide a valve spring, a valve spring retainer, valve spring locks, a camshaft, and 
timing gears or sprockets and chain. Figure 1-15 illustrates a portion of the mechanism. . 
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Fig 1-15. Valve mechanism, minus the camshaft and timing gears. 

i'^Qp^ the underside of the \ralve head (the mushroomed top) is a valve face. The face is 
.m a chineif* smooth, and, when the valve Is in'^he closed position, it seats firmly on a device pressed 
intGritfe^<^^ifider block (or the cylinder head, depending upon the valve) around the valve port 
(where the gas^s are brought in or let out). This device is called the valve seat, and it is'jalso 
machined smooth for a pressure-tight fit between the valve face and the valve seat. 




The valve must not be allowed to wobble while it is opening and closing, or it wiyr^dl^at 
properly and pressure will be lost. To prevent the valve from wobbling, a long tube, called 
a valve guide, is pressed into the cylinder block (or again, the cylinder head). The valye stem 
travels up and down inside the valve guide as it opens and closes. 

To close the valve, a valve spring is used.'|^ The top of the spring seats against the 
cylinder block (or cylinder head), and the bottom seats against the valve spring retainer. The 
retainer is a washer-like device, fitted over the end of the valve stem and held in place by two 
valve locks. Therefore, the valve spring is attached to the end of the valve stem and maintains 
a constant pressure against the valve at one end and the block or the head at the other end. 
Any time the valve is not forced open by an outside force, the valve spring will keep it closed. 

I 

The outside force used to open the valve is the camshaft. This is a long shaft which 
extends through the length of the cylinder block. It contains a series of egg-shaped lobes 
known as cam lobes. Figure 1-15 shows one of these lobes in the position required to open the 
valve. The camshaft, driven by a gear attached to the crankshaft, rotates once for each two 
revolutions of the crankshaft. 

This brings us to the timing gears or sprockets. The timing gears are a set of two gears. 
One of the gears, the drive gear, is attached to the crankshaft near the front end. The driven 
gear is attached to the front end of the camshaft (fig 1-16). Wl\en the gears are installed on 
the shafts, they must be installed in a certain position in relation to one Another, thereby 
causing each cam lobe to open its valve precisely the right time to allow fuel to ehter the 
combustion chamber or burned gases to leave the combustion chamber. 
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Fig 1-16. Mechanical timing mechanisms. 

In some cases, due to the distance between\the camshaft and the crankshaft, sprockets 
and a timing chain are used instead of timing geaAa (fig 1-16). The only real difference bexween 
the sprockets and the gears is,- the crankshaft drives the camshaft through the use of a chain 
instead of direct gear drive. 

Now that we have learned the construction of the en^e and the function of its major com- 
^ponents. let's see what happens when the engine is put into operation. 

Section H. ENGINE OPERATION 
1-7. THE CYCLE OF OPERATION 

In order for an engine to operate*, certain events must take place. These are intake, 
compression, power, and exhaust. First, fuel and air must enter the combustion chamber. 
In the gasoline engine, both fuel and air enter at the s4me time, while in the diesel engihe, air 
enters the combustion chamber, and the fuel is injectejd at a given time after the air is compressed 
Compression is the next event. Once the air, pr the ftiel/alr mixture, is in the chamber, it 
must be compressed so that it will produce a high amojint of energy when ignited. Ignition 
occujm during compression and cauBes the compressed fuel and air to burn. In Ihe gasoline 
engine, this is accomplished by an electrical spark, Iii the diesel engine, it is caused by the heat 
created when the air is compressed. As soon as the fuel is injected into the chamber, it ignites 
and begins to burn. The igniting and burning of these gases give us power, which is the next 
event. Once we have used all the power that the burning gases can deliver, we must get rid of 
the burned gases. This is the final event, and is known as exhaust. * ^ 

To accomplish these events, the piston must travel up and down inside the cylinder. 
Stroke is the term used for this movement. When the piston travels from its highest point to 
its lowest point in the cylindeir, this is^a down-stroke. When it travels from its lowest point 
to its highest point, this if the up-stroke. Each time the crankshaft makes a complete revolu- 
tion, the piston accontptiihes two strokes. For some engines all the events take place during 
these two strokes. Others require four strokes to complete the cycle of events. In either case, 
an engine's cycle of operation must consist of all four events: intake, compression, power, 
and exhaust. We will explain these two cycles of operation and how they differ, but first, let's 
be sure that the strokes are fully understood. 

Figure 1-17 illustrates what happens inside the cylinder on both the down-stroke and the 
up-8troke. Notice the large space created between the top of the piston and the top of the com- 
bustion chamber. When the stroke occurs, a suction or partial vacuum is created in the space 
because the pressure in the cyUnder drops far below atmospheric pressure. When the piston 
travels up again, as iUustrated in position '*B", the pressure in the space rises far above 
, atmospheric pressure. * * 
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Fig 1-17. The piston strokes. 

Now that we understand what takes place during the strokes, let's combine them to operate 
the engine. 

1-8. THE FOUR-STROKE CYCLE / 

We will begin our discussion of the cycles of operation for the individual engines by 
discussing the four-stroke-cycle engine since it is easier to understand. 

» Let's look at what each part does during the cycle of operation. The piston is at topr 
dead-center (TDC) at the beginning of the intake stroke. The intake valve op^ns and the piston 
starts its down-stroke (fig 1-18). This creates a low pressure area inside the cylinder. 
Atmospheric pressure then forces the fiiel-air mixture to enter the cylinder. Even atter the 
piston has reached bottom-dead-center (BDC), the cylinder pressure is still lower than atmos- 
pheric pressure, so the valve remains open and the gases continue to enter the cylinder for 
44* more of crankshaft rotation. 
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Fig 1-18. Intake stroke. 
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From the top-dead-center (TDC) position of tlie piston ^^^^^^^'^I'^^^'^^^^^" 
««»itl«n o£ the Diston the crankshaft rotates 180*. By adding the extra 44° after B DC that 
?he St^Lf ^^remains o^en. we come up with a total of 224« of crankshaft rotation for an 

intake stroke. 

Now the intake valve closes and the exhaust valve remains closed just as it was during 
the intakl stroke. Both valves are closed, the combustion chamber is-sealed. and the piston 
S tra^eUncuDward What ia going to ha^en to all the fuel^air mixture in the combustion 
hSrHeTrtck^'t^figuri l-'n. ' '^l space Po^^tiop "A-^ has been^Ued^ 
Bir Th4.JtniXture caWt escape 'WhaH-the space is decreased in position B • ^ 
fuei-aTr mfSre is Se?ng compress^^ This. then., is the action or operation of the compression 
Sok^ Ui figure 1-19 that the compression begins at 44« after BDC and ends at TDC. 

Hence, it is a relatively Short stroke. 




BOTH VALVES CLOSED^ 



MIXTURE COM^ 
PRESSED 

PISTON MOVING 
UP 



IOC 




Fig 1-19. Compression stroke. 

Tl^e crankshaft has now completed one 360« revolution while the piston has completed 
two strokes of th^our-stroke-cycle. 

The piston is at the end of the compression event which, depending upon the engine 
design is just before, or Just after TDC. To illustrate this, let's look at figure. 1-20. 
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Fig 1-20. End of compression. 



At this pofnti, the fuel-air mixture ignites and begins to burn. The burning of these gases 
causes them to expand with tremendous force, and they drive the piston downward in the cylinder, 
creating the power stroke. While we are on the subject ^pf the burning gases, let's return our 
attention, for a moment, to figure 1-20, Do you think that igniting the fUel b^ore TDC would % 
tend^to drive the pigion back down causing the crankshaft to change directionaBp rotate back- 
ward? It definitely may have a tendency to do this if we use the incorrect graBe of gasoline, so 
we must choose our fuel to match the design of the engine. We will discuss fuels later in the 
course, but now to continue with the power stroke, o 



During jthe power stroke, the valves remain closed for approximately of the crank- 
shaft rotation. Therefore, the power stroke is also relatively short (fig 1-21). The exhaust 
valve opens approximately 48* before the BDC. The exhaust stroke begins here even though the 
piston has not started on its upward travel to drive the burned gases out of the cylinder. Why 
do we open -the exhaust valve so soon? For one reason, the pressure created inside the cylinder 
by the burning gases is still great enough to start the burned gases on their way out through 
the exhaust port. Another reason is that we want as much of the hot exhaust gases' out of the 
cylinder as possible when we be^in our next cycle of operation withr another intake stroke. 
Therefore, we are flowing 228** of crankshaft rotation to get rtd of the exhaust gases. 
* Figure 1-22 illustrates the exhaust stroke. 
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"Fig 1-21. Power stroke. 
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Fig 1 - 22. Exhaust^stroke 
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The crankshaft has now completed two revolutions during the cycle of operation and the 
piston has completed four full strokes. This la always true of a four-strolce-cycle engine. 

Some four- stroke -cycle engines differ from others however. In another way. Some are 
called spark -Ignition and others are called compression-Ignition. Basically, the spark- 
ignition engine and the compression-ignition engine are the same. The most significant 
difference being the combustion chambers (see para 1-10), The combustion chambers you 
have seen on the previous p^es are all designed for spark'- ignition. Also, the principles of 
operation are for spark-ignition. ^ 

1 - 9. TWO- STR OKE -CYCLE 

The two-stroke-cycle engine may be used as either a spark -Ignition or compression-- 
ignition engine just as the four-stroke-cycle engine. ^The basic difference between this engine 
and the four-stroke-cycle Is that all four events (Intake, compression, power, and exhaust) 
must occur within two strokes of the piston Instead of within four strokes. This means that 
every down-stroke Is a power stroke and every up-stroke Is a compression stroke. At some, 
time during these two strokes we must get raw gases into the cylinder and burned gases out 
of the cylinder. Let's turn our attention to figure 1-23 and discover fabw this is accomplished. 
During the compression stroke (A), the gases are permitted to flow into fjjie crankcase. The 
gases which are being compressed at this time ignite, driving the piston down on its power 
stroke. Near the end of the power stroke, the piston travels by two openings in the cylinder 
wall (B). One of these is the intake port and the other is the exhaust port. As the piston uncovers 
these ports, the burned gases are exhausted into the atmosphere, and the raw gases are per- 
mitted to leave the crankcase via the cylinder. Therefore, intake and exhaust occur at the 
same time. The piston now begins to travel upward Inside th^ cylinder, closing both the intake 
and exhaust ports in the cylinder wall, and the fresh gases inside the cylinder are compressed 
to begin a new cycle. Therefore^ two strokes pf the piston or one complete revolution of the 
crankshaft completes the cycle of operation in the two -stroke-cycle engine. Although this is 
the most common method, there are two-stroke-cycle engines which use poppet valves and a 
super-charger to induct the fuel/air mixture. 




I-IO. IGNITION 



The spark* ignition engine has a spark plug installed in each cylinder of the cylinder block, 
and, at just the right time, a spark is emitted from the plug. This sp%rk ignites the fuel sur- 
rounding it, and the remaining fuel bums at a very rapid rate. So rapid, in fact, that it is 
similar to an explosion. 

Note in figure 1-24 that the combustion chamber of the compress ion- ignition engine is 
NOT located In the cylinderjiead. but in the top of the piston. As the piston travels downward 
on the Intake stroke, fresfl air only is taken into the cylinder. During the compression stroke, 
this fresh air is compressed into such a small area that it becomes extremely hot due to the high 
pressure exerted upon it. So hot in fact, that the presence of fuel in the cylinder at this time 
would cause burning. Therefore, fuel must be introduced Into the cylinder at exactly the proper 
time. The compression stroke is completed now, and the fuel injector sprays fuel into the com- 
bustion chamber. Immediately upon contact with the hot air. the fuel begins to bum« and the 
pressure of the burning gases drives the piston on through its power stroke just as they do in 
the spark- ignition engine. The next stroke, of course, is the exhaust stroke, which completes 
the cycle of operation. 
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Fig 1-24. Compression ignition. 
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Chapter 2 



ENGINE AND ENGINE COMPONENTS DESIGN 

All engines have the following in common: a requirement for fuel, air, and a method for 
igniting the ftiel/air mixture. The major differences found in engines are their design, which ^ 
consists of the number of cylinders and their arrangement; the valve arrangement; their method 
of operation; and the Jgrpe of ftiels and cooling systems. Let's discuss these differences to fam- 
iliarize you with the equipment you will be working on. 

Section I. ENGINE DESIGN 
2-1. DESIGN Cl^SSIFICATION - 

Engines are usually classified according to the number of cylinders they have, the way 
In which they are arranged in the cylinder block, and the method used toxool the engine. 
The most common are the in-line, the V-type, and the horizontally opposed. These may be 
water-cooled or air-cooled. Water-cooled engines. have the cylinders cast Into the block (cast 
en bloc ). 

The in-line engine usually has the cylinders cast en bloc in a vertical position directly 
above the crankshaft (fig 2-lA), however you may find some with the cylinders cast at a 30*» 
angle to the vertical plane to allow the automobile manufacturer to present a lower silhouette 
in the car he produces (fig 2-lB). The cylinders are numbered from front to rear and are 
usually four, six, or eight in number, although some three cylinder in-line engines are used 
by the Marine Corps. 
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Fig 2-1. Partial cutaway front view of the cast en bloc six-cylinder engines. 

The V-type engine is an engine consisting of t#o or more cylinders which, when viewed 
from the front, form the letter "V" (fig 2-2). You mky have heard of the "Y" block engine 
manufactured by one of the major manufacturers. Thl\ is merely a V-type engine with a deeper 
crankcase. In the V-type engine, half of the cylinders are located on each side at a 45» angle 
to a vertical plane; therefore, the cylinder banks (each line of cylinders is a bank) are cast 
at a ,90* angle in relation to one another (fig 2-3). Casting a cylinder block in this manner makes 
the engine shorter than the in-line design. -The shorter the engine the more rigid it becomes, 
thereby reducing engine vibration. 
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Fig 2-2. Partial cutaway front view of a V-typc engine. 




Fig 2-3. The cylinder casting angle of the V-type engine. 

Horizontally opposed engines consist of two or more cylinders lying on a horizontal plane 
in two banks with a crankshaft between them. The cylinders and the crankcase are cast as 
separate components. The cylinders may be removed from the prankcas^ individually. 




Fig 2-4. Partial cutaway view of an horizontally opposed engine. 

^ You may have heard an engine referred to as a flat-head six, a ftat-head V-a. an over- 
head-valve six, and overhead-valve V-a. etc. These are common terms referring to the valve 
arrangement and the cylinder block. Therefore, we might say that engines are not only class- 
ified by cylinder arrangement and numbers, but also valve arrangement. Let's take a look at 
the technical terms which refer to valve arrangement. 
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2-2. VALVE ARRANGEMENTS 

An engine's valves may be located either In the cylinder head or the cylinder block, or 
both. If the valves are located In the head, which Is the most common arrangement found today, 
It la known as an I-head engine (fig 2*5 ). An Imaginary line drawn (on the cross-sectional view 
fig 2-5) from the center of the valve through the center orthe piston, forms an 'TV (dotted line 
in fig 2-5). The valves are positioned upside-down In the cylinder head, directly above the 
piston. In order for the camshaft to operate the valve, a pushrcM and a rocker a»m must be 
Incorporated between the tappet and the valve stem. 




Position of valves in 
relationship to piston 



Fig 2-5. I-head valve arrangement. 

The pushrod (fig 2-6) is a long rod which fits onto the top of the valve tappet in the engine block 
and extends upward through the cylinder he&d. A shaft, known as the rocker arm shaft, is 
mounted horizontally on the top of the cylinder head along its length. Mounted on the shaft, 
through bearings, we find a series of rocker arms. One end of the rocker arm rests on the top 
of the pushrod, and the other end rests on the end of the valve stem. The rocker arm shaft 
acts as a pivot or fulcrum for the rocker arm a^ the camshaft lifts the^^ptfsh^rod, which in turn 
pushes one end of the rocker arm upward. The rocker arm shaft, acting as a pivot, causes 
the opposite end of the rocker arm to press downward on the valve stem, opening the valve. 
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Fig 2-^. The I-head valve train. 

The I-head valve arrangement (fig 2-5) is often referred to aa overhead valves, probably 
more often than its technical term. I ^ j 

The flat-head arrangement of valves is technically termed^e L-^head (fig 2-7) Draw 
an imaginary line across the valve head of the cross-section of ithls engine and continue the line 
over to the center of the piston head. Now draw another imaginary line down through the ct^nter 
of the piston joining your first line. You will find that you have drawn an Inverted "L'* (dotted 
line in fig 2-7). 
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Fig 2-7. The L-head valve arrangement. 
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In th« L-head engine, the valves are located in the cyliAder block alongside the cylinder. 
The mechanism we discussed in chapter 1 is used in this valve arrangement; thus, it would 
be repetitious to go over it again. If you cannot recall this mechanism, refer back to paragraph 
1-6 of chapter 1 and refresh your memory. 

The final valve arrangement we wUl discuss is actually a combination of the two previously 
covered. One valve, usually the intake valve, is located In the cylinder head, and the other 
(exhaust) in the cylinder block (fig 2-8). Again, let's draw some imaginary lines to help you 
remember the valve 'arrangement. Draw an imaginary line across the exhaust vaWe and con- 
tinue it across to the center of the piston head. Now draw another line, this one across the 
intake valve head. Continue this line until it is the same length as the first. Now draw another 
line down through the center of the piston joining the ends of both the previous lines. You 
should find that you have drawn a distorted "F'* (dotted line in fig 2-8). The F-head arrange- 
ment is sometimes termed valve-in-head/valve-in-block. However, you will almost always 
hear it referred to by its more technical name, F-head. 




Fig 2-8. F-head valve arrangement. 

You should be sufficiently familiar with engine designs now, so let's move along to the 
designs of the components of the engine. 

Section n. ENGINE COMPONENTS DESIGN 
2-3. ENGINE BLOCKS ^ 

We have already discussed/the cylinder arrangements of the engine blocks, but we have 
not mentioned the difference in (^sign between the water-cooled engine and the air-cooled 
engine. , 

The engine block for the water-cooled engine is cast as one solid piece, as the engine 
studied in the basic engine construction section. In addition to the cylinders being cut into ^ 
the cylinder block, however, some engines are designed to use insert-type cylinders known as 
cylinder liners. Cylinder liners prolong the life of an engine block because they are replaceable 
(fig 2-9). 
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Fig 2-9. Six-cylinder engine with, cylinder linei^s. 

The air-cooled engine also utilizes replaceable cylinders. There is no cylinder block on 
the air-cooled engine, only the crankcase and the cylthdeps^hemselves. Each cylinder is cast 
separately as a cylinder barrel and has cooling fins cast aroikd the outside. If one cylinder 
becomes defective, only that cylinder need be removed and replaced with a new cylinder. The 
crankcase is usually cast as a two-piece unit and bolted together (fig 2-10). The cylinder 
head is of the I-head design, >k 
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Fig 2-10. Air-cooled engine crankcase and cylinder assembly. 
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2-4. CHANKSHAFTS 

Crankshaft design depends upon the.number of cylinders the engine has and their arrange- 
ment. In-line, V-type, or horizontally opposed. The crankshaft design determines the firing 
order of the cylindeRS by the position of the crankshaft throws in conjunction with the camshaft. 

On the four-cyluider, in-line engine crankshaft, the throws are all on the same plane. The 
front and rear throws are I8(r (on the opposite side of the shaft) from the two center throws. 
This shaft is used with either three or five main bearing journals, depending upon the engine 
block construction. The longer the block, the more throws are needed. With this crankshaft, 
power is only delivered to the shaft during 140* of each piston's power stroke. Therefore, there is a 
power lapse of 40*^between each power stroke of the engine (fig 2-11). This power lapse causes 
the engine to vibrate. The vibration is reduced through the use of a heavy flywheel and the 
vibration damper, but is not entirely eliminated. « 
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Fig 2-11. Four-cylinder engine crankshaft illustrating amount of rotation during 
the power stroke and the relationship of the thr9ws. 

The power lapse, which we have just discussed, is completely eliminated m the m-line, 
six-cylinder engine due to the arrangement of the throws on its crankshaft. The throws are 
constructed on three separate planes spaced 120** apart (fig 2-12). 
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Fig 2-12. Six-cylinder in-line engine crankshaft. 
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This arrangement of the throws not only eliminates power lapse, but gives the engine power 
overlap. This condition means simply^ that each power stroke begins before the previous stVoke 
ends. In the case of the in-line,, six-cylinder engine, the power overlap, is 20". In other words, 
one piston travels through 120* of its power stroke which actually lasts for 140* of crankshaft 
rotation. At this time the next piston in the firing order begins its power stroke. Therefore, 
during the last 20' of the power stroke, two pistons are actually delivering power to the crank- 
shaft. The last 40' of the down- stroke, therefore. Is not a power lapse, because the next piston 
is carrying the crankshaft through this 40*. 

On the six-cylinder, in-line crankshaft, we find the number one throw and the number six 
throw on the same plane, number two and five on the san^e plane, and number three etnd four 
on the same plane. The crankshaft of this engine may be supported by 3, 4, or 7 main joui^als, 
depending upon the manufacturer. 

Another six-cylinder crankshaft is the V-six. Here again, we find the throws arranged 
120' apart, but we find only three throws. Other engines which use three throws are the 
horizontally opposed six and the 3 -cylinder in-line. This is due to the fact that each throw 
accommodates two pistons. Pistons number 1 and 2 are mounted on<he first throw ,^ 3 and 4 on 
the second (center) throw, and 5 and 6 on the thit*d throw. Due to the V-type design of the engine, 
we find both power overlap and power lapse. Let's look at an example of this overlap and lapse. 
Number one piston begins its power stroke and as the crankshaft reaches 90* of its rotation, 
number,,six piston, on^a separate throw begins its power stroke, so both pistons are delivering 
power to the crankshaft during 50* of crankshaft* rotation. The next piston to deliver power ig^ 
piston number five. You may recall that number five and number six pistons are»on the same 
throw. This means that number six must reach* the end of its down stroke before power can be 
delivered to number five. Therefore, we have 10* of crankshaft rotation with no power being 
delivered to the crankshaft. This same condition continues with th% remaming three pistons. 
The flywheel on this engine may be lighter than that of the four- cylinder in-line due to t^e de- 
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If we add one more throw and put each throw on a separate plane, spacing all the throws 
90* apart, we have the crankshaft for a V-type eight-cylinder (fig 2-13). Power overlap 
in this engine is t^e same as the V-six, but the additional cylinder eliminates the power lapse. 
We may find that some V-eight crankshafts have the throws on only tWo separate planes and 
look similar to the in -'line, four- cylinder crankshaft, but remember that two pistons are mounted 
on each thraw^^ so the throws have longer crankpins. „The crankshaft is supported In the engine 
block by either three or five main journals, whleh we find is true also of the V-six crankshaft. 




At one time or another, you will come across a three*cyllnder, in-line engine's crankshaft. 
This crankshaft is constructed the same as the six-cylinder in-line with only half as many throws. 
The power overlap is the sam^. These crankshafts are used in diesel engines. 

Very similar to the three-cylinder, in-line crankshaft is the six-cylinder, horizontally 
opposed crankshaft. The only difference is the length of the crankpins, which are longer to 
accommodate two connecting rods per crankpin. 

We haye found, during this discussion^ that the number of throws and their length determines 
the engine they are designed for. Now that we have discussed crankshafts, power overlap, and 
power lapse, let's take a look at the flywheel which carries the crankshaft through periods of 
power lapse, reduces vibration, and helps the engine to operate smoothly. 

2-5. FLYWHEELS 

Basically, flywheels are of two designs, one for friction clutch use and another for fluid 
coupling use (fig 2-14), 
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clutch) flywheel (rfuid coupling) flywheel 



Vig 2-14.^ Flywheel designs. 

The flywheel used with the automatic transmission is thin metal, containing a ring gea;: 
for the starter motor to engage. It ip merely a connection betweieh the engine and the fluid coupling 
of the transmission. The fluid coupling itself performs the function of carrying the cranks Waft 
through power lapse. 

The flywheel used with conventional transmissions, on the other hand, is constructed of 
a much heavier metal. The actual weight of the flywheel depends upon the amount of vibration 
the engine will produce due to differences in power overlap and power lapse. 

Most conventional transmission flywheels and automatic transmission flywheels are inter- 
changeable on the samfe crankshaft so that you have a choice of transmissions, so long as the 
transmission and flywheel used are designed for that particular engine size and type by the 
s^me manufacturer. 

Engine vibration is not only produced by differences in power overlap and power lapse, but 
also by the elasticity of the crankshaft itself. To compensate for this vibration, we mount a 
smaller wheel, known as a vibration damper, on the front end of the crankshaft. 



2-6. VIBRATION DAMPERS 



Vibration dampers are used to damp out crankshaft torsional vibration. This is a twisting 
action in the crankshaft caused by the sudden application of power. The weight of the flywheel 
tends to resist the sudden impulse of power applied to the crankshaft. This causes the crankshaft 
to actually twist. We need to damp out this twisting action. This is the purpose of the damper. ^ 

Vibration dampers are usually constructedJbf a small wheel with a larger wheel (balancer 
weight) mounted around its circumference thr<|«i a rubber mounting (damping rings). Refer 
now -to figure 2-15. As the inner wheel is forcSd to suddenly turn with a jerk, the balancer weight 
tends to lag behind. The flexible rubber mounting first allows this to happen, until It stretches 
to its capacity. Then it pulls the balancer weight around with such force that it tends to pass 
the inner wheel and pull it. This continuous passing and lagging damps out the crankshaft vibra- 
tion. Some small engines which do not produce a lot of power use a solid-design damper. 
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^ Fig 2-15. A typical vibration damper. 

2-7. PISTONS ' 

Basically, pistons are designed with the top (head) Hat. raised, or concave with variations 
of these basic designs. 

Let's look at the flat-head piston first. This design is used in gasoline engines. Low- 
compression gasoline engines usually stay with the basic design, but in high-compression engines 
in which the TDC position is extremely close to the top of the combustion chamber, .the piston 
heads are notched, cut out, or raised on one side to allow maximum compression with room for the 
valves to open (fig 2-16). 




The pistons used in dlesel (compression-ignition) engines form the combustion chamber 
because of the cylinder head design; therefore, the pistons will be of a concave -head design. 
You will find that these pistons too, varySi0mewhat in their design (fig 2-17). 





Fig 2-17. Various piston head designs for compression-ignition engines. 

Gasoline-engine pistons may have ribs cast on the underside of the piston head for cooling 
and reinforcement. Diesel pistons havb thicker heads for additional stren^h and are cooled by 
ah oil jet which shoots oil on the underside of the piston head. i 

t ^ 

Most pistons, both gasoline and diesel, are relieved (cut flat) around the piston pin hole 
to allow for expansion and to reduce weight (fig 2-18). Most piston bosses (the area immediately 
surrounding the piston pin hole) are centered^ however, some are offset about l/l6 inch to 
either the compression thrust side or the power thrust side to reduce a condition known as piston 
slap (rock) in the cylinders (fig 2-19). This condition is a result of an uneven distribution of 
pressure on -the top of the piston when the gases are ignited. The offset hole tends to hold-the 
piston flat against the cylinder wall under this uneven distribution of pressure. 
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COMPRESSION SIDE THRUST SIDE 

Fig 2-19. Offset piston pin holes. 

The portion of the piston below the piston rings is known as the skirt. Youjwill find a 
seemingly unending variation in the design of piston skirts <fig 2-20). These designs are 
desirable to keep the piston as light as possible and to prevent excessive expansion during 
engine operation. The piston is kept in alinement by the skirt, which is usually cam ground 
and elliptical in cross section. This elliptical shape permits the piston to fit the cylinder, 
regardless of whether the piston is cold or at working temperature. Its narrowest diameter 
is at the piston pin bosses, where the metal is thickest. At its widest diameter, the piston 
skirt is thinnest. As the piston expands from heat during operation^ it becomes round, 
because the expansion is proportional to the thickness of the metal. 

Piston rings also vary in design, although not as extensively as the pistons. We will now 
discuss the differences in piston ringSi- ^ 




Fig 2-20. The three basic piston skirt designs. 

'2-8. PISTON RINGS 

Most compression rings have the same general design. You will find that the primary 
differences in ring design are on the outer edges of the ring. TheseiSesign differences are 
easily distinguished by a cross-sectional view of the ring (fig 2-21).' 
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Fig 2-21. Various compression ring designs. 

The design- of the piston ring depends upon the amount of surface contact desired with the 
cylinder wall. The most common are the rectangular ring and rectangular with grooved inner 
edge. These rings give fullface contact ^yith the cylinder wall with less pounds per square 
inch (psi) exerted. The more pressure exerted by the rings on the cylinder wall, the more drag 
is created on the engine. 

Other rings are the beveled, the tapered, and the rectangular witit grooved outer edge. 
All of these give less face contact with the cylinder wall with mare pounds per square inch 

Oil control rings may be of a two-, three-, or four-piece construction. The two-piece 
ring is seldom, if ever, used in modern motor vehicles, so we will not diScuss it in this chapter. 

The three-piece oil ring is probably -the mo^t common you will find (fig 2-22). It consists 
of two steel rails separated by a ventilated steel segment. 





Fig 2-22. Three-piece oil control ring. 
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The four-piece oil ring consists of two steel rails separated by a cast- Iron center section, 
which resembles the old cast- Iron oil ring mentioned earlier, and a spring steel expander 
(fig 2-23). 
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Fig 2-23. Four-piece oil control ring. 

To complete our discussion of the piston assembly, let's take a look* at the designs of the 
connecting rods. 

2-9. CONNECTING RODS 

Basically, the connecting rod is of an I-beam construction with a piston pin hole at the upper 
end and a saddle at the lower end with a separate bearing cap which is connected to the connecting 
rod by two bolts (fig 2-24), , 
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Fig 2-24, Typical connecting rod. 

Opposed- and V-type cylinders require a connecting rod with the saddle offset to accommodate 
the opposing pistons because the cylinders are slightly offset in relation to one another (fig 2-25). 
The saddle of some connecting rods may be cut at an angle to facilitate the removal and Installation 
of the piston assembly (fig 2-26). Aside from these two variations, there Is little, if any. variation 
in design. 
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Fig 2-25. Offset connecting rod Saddle used in opposed- and V-type ei>gines. 
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Fig 2-26. Some connecting rod saddles are cut at an angle for -.ase 
of removal and installation. 



2-10. CYLINDER HEADS 

Cylinder-head design depends upon the valve arrangement of the engine it is ufeed on. 
Basically, the cylinder head is of two designs, flat-head and valve-in-head. The flat-head is 
designed for the L-head engine and the valve-in-head is designed for use with the I-head and 
F-head engines. You are already familiar with these designs to a certain extent if you are fami- 
liar with valve arrangements discussed earlier. A major difference in cylinder-head design 
which hds not been discussed is the differeribe between heads designed for gasoline engines and 
those designed for diesel engines. 

The cylinder heads we discussed earlier had portions cupped out to form a combustion 
chamber. These are used for gasoline (spark-ignition) engines. 

If you will recall, we also stated earlier in this chapter that in the diesel engine the com- 
bustion chamber is in thd piston. The reason being that the cylinder head for diesel (compression- 
ignition) engines is perfefctly flat on the bottom, except for the exhaust vdlve ports. 

2-11. VALVE MECHANISMS 

We will discuss three of the more common valve designs which are the- mushroom, tulip, and 
semi-tulip valves. With the exception of the top of the valve head (fig 2-27) and valve-lock grooves, 
all poppet valves have basically the same design, through sizes will vary. The design of the top of 
the valve, in conjunction with materials used in the manufacture, will determine the temperature 
range of the valve during operation. ^ 

As for the valve train, there are two basic designs which we have already discussed, the 
valve-in-head and the flat-head. There may be very minor differences as to size and pressure 
determined by the manufacturer's specifications. 
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You should be familiar now with the coMtrucUbn, operation, and design used In th^ 
reciprocating internal-combustion engine. The lessons to follow will dwell upon the knowledge 
needed to diagnose problems and the solutions to these problems through engine repair and rebuild. 
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Chapter 3 



ENGINE MALFUNCTION. DIAGNOSIS, AND R£;MEDY 



In order for a mechanic to perform proper and economical maintenance, repair, or rebuild, 
he must first be capable of detecting and Identifying malfunctions and locating their source. This 
chapter will require you to put the knowledge presented in lessons one and two to practical use 
in determining the results of defective engine components. As you read this chapter, you must 
consuntly keep pictured in your mind the construction and operation of the components being 
discussed. 

3-1. ENGINE BLOCK 



Although the engine block is not actually a functioning part of the engine, the functioning 
components rely heavily upon it. Therefore, the block can be the source of some engine mal- 
functions. For example, take the cylinder walls. The piston rings rely upon the- smooth surface 
to enable them to move up and down with the piston and yet maintain a pressure-tight seal. If 
this pressure-tight seal is lost, there will be a loss of compression and power. There will also 
be a loss of engine lubricating oil. 

If a cylinder wall becomes scored (deeply scratched), what would be a good Indication of 
this condition? 

If your answer covered excessive consumption of oil through burning, you are off to a good 
start. Scores in the cylinder wall allow oil to bypass the rings and enter the combustion chamber 
and be burned there with the fuel-air mixture; this will eventually cause the cylinder to misfire. 
There will be evidence of misfiring due to loss of compression during the compression stroke 
and pressure dj^ring the power stroke. However, in the early stages this will only show up on 
test equipment during engine analysis. 

How do we detect this? If you suspect oil burning, take a look at the inside of the tailpipe. 
It will be covered with a coating of black soot. To further confirm your suspicions, have the 
motor vehicle operator *'rev'* or ''gun" the engine, A light blue smoke wyi come from the tail- 
pipe. Once your suspicions are confirmed, you must be certain the oil burning is not caused by 
some other defect. Perform a compression test on the engine. This will also help you locate 
the cylinder which is defective. 

To perform a compression test, you must first know how much compression the engine 
should produce. Check the technical manual (TM) for second echelon maintenance of your vehix:le. 
This TM will give you the specifications you need. The last two digits of the TM number indicate 
the echelon of maintenance for which the TM is designed (fig 3-1). 





Fig 3-1. The last two digits indicate the echelon for which the technical 
manual is intended. 
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Now break out the compression gagfe kit and check it, making sure that the gage reads zero and 
that the adapters are clean ana free of cracks (fig 3-2). Adapters vary in shape and size to 
allow the compression gage to be used on various type engines. 





Fig 3-2. Check the compression gage kit. 



Your next step prior to starting the engine' would be to check the vehicle batteries. They must be 
in good condition and the crankcase oil must be at the full mark on the dipstick (fig 3-3). 




Fig 3-3. Check the oil with the dipstick. 

Start the engine and let it warm up to operating temperature. This allows normal expansion of 

the metals, and will give you a true reading when you perform 'he test. After operating temperature 

has been reached, turn ignition switch to the off position 

Loosen ali^ftie spark plugs a turn or two. and with a low pressure air hose, blow all dirt 
and other foreign matter from around the spark plugs (tig 3-4). Remove the spark plugs and 




Fig 3-4. Loosen plugs and clean around them. 

clean any grease or oil from the spark plug hole with a clean rag. Now open the throttle and choke, 
and switch the Ignition off or remove the primary wire (cable coupling) from the distributor. 
This would not allow current to flow across the points and a high tension spark would not be 
produced (fig 3-5). 
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Fig 3-5. Carburetor throat must be open and ignition off. 



Now for the test. Choose the proper size adapter for the compression gage. Insert the ' 
compression gage into the spark plug hole of number one cylinder and have a helper crank the 
engme over about ten times (with ignition off-fig 3-6). Write down the amount of pressure 
indicated by the gage. Repeat this procedure on each cylinder until all cylinder compression 




Fig 3-6. Insert compression gage into spark plug hole, 

readings have been read and recorded. This is known as a "dry" compression test If the 
readings do not vary Tn pressure more than l6 pounds per square inch (psi), your oil consump- 
tion is probably due to other causes. If the variation is more than 10 psi, a "weff compression 
test should be performed. This test is performed in the same manner as the "dry" test except 
for one step. Prior to inserting the gage into the spark plug hole, squirt about four shots of oil 
from a trigger-type oil can into the hole (fig 3-7) and have the operator spin the engine with the 
starter switch. Now you are ready to insert the gage and proceed^as if you were taking a "dry" 




Fig 3-7. Preparation for a "wet" test, 

test. This test need be performed only on those cylinders which had. low "dry" readings. The 
results of the test may show a rise in pressure or the readings may remain the same. If a rise 
in pressure is shown there is a possibility of scored walls, allowing pressure to bypass the piston. 
The cylinder head must be removed to make a visual inspection of the cylinders. If the pressure 
remains the same in the "wet" test as it was with the "dry" test the source of the problem is 
not the cylinder walls. If the walls are scored however, the defective cylinder must be rebored. 

Water jackets, when properly maintained, will seldom be a source of malfunctions. 
Proper maintenance of the water jacket consists merely of keeping it filled and clear of rust 
and corrosion. This is accomplished through a daily check of the coolant and the use of anti- 
rust chemicals. When chemicals are not available, periodic flushing of the cooling system is 
necessary. As a mechanic, your responsibilities consist of checking the condition of the coolant 
when the vehicle is in the shop for maintenance. 

A motor vehicle operator approaches you and complains that his engine is overheating. 
Consider first, is it an air-cooled or water-cooled engine? Let's say it is a water-cooled engine. 
What cools the engine? You know that water or a commercial coolant is used in the system and 
It circulates through the engine block and cylinder head, surrounding the cylinders and combus- 
tion chamber (fig 3-8). Apparently then, if the engine is "running hot" this coolant is not ^ 
circulating. There are two very good reasons for coolant not circulating. What do you think 
think the reasons would be? 
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Fig 3-8. Engine water jacket. 

If you chbse that the water jackets are dry or clogged, you are right. The first check 
should be to see if the water level in the radiator is visible. If it is. the water jackets must be 
cloHsed and the entire cooling system must be flushed. If it is not visible, fill the radiator. 
Allow the engine to run for 10 to 15 minutes so that pressure will build up inside the water jacket 
Now check the outside of the engine for leaks. Leaks will usually occur in the core plugs (fig J-9) 
which cannot be repaired, but must be replaced. If there are no visible leaks, the engine must 
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Fig 3-9. Possible areas of coolant leakage. ' 

have an internal leak. The walls of the jacket could be cracked into the cylinder wall. What do 
you think would happen in this case? If there is a crack between the cylinder and the water jacket, 
what happens during the compression and power strokes? Have you ever blown through a st.aw 
into a glass of water? Remove the radiator cap and take a look inside with the engine running. 
It you see bubbles, what could be causing that (fig 3-10)? ^ 
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Fig 3-10. Cutaway -view of radiator showing bubbling in the top as opposed 
to the nornaal swirling coolant. 

The answer is simply that the pressure of the compression and power str^k«& is leaking into 
the water jacket. Of tourse. during the intake stroke, the water is being drawn into the cylinder 
(fig 3-11), • 



Power leaks through crack Compression leaks through crack 





Xoolant leaks through crack 
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Fig 3-11. Cracked water jacket. 



Let's confirm the defect now. Is steam being emitted from the tailpipe? Steam looks like burn- 
ing oil. but it disappears sooh after it leaves the tailpipe (fig 3-12) while oil will linger. What if 




Fig 3-12. Steam dissipates rapidly. 

you are losing coolant internally and there are no bubbles and no s,team? Take another look at 
the water in the radiator while the engine is not operating. Perhaps you detect an oily film oi 
the water It could be that the water from the water jacket is leaking into the oil passages, and that 
the oil from the oil passages is leaking into the water jacket. Pull the "dipstick" out of the 
engine and examine the oil on the end of it. If it appears milky or foamy, you can assume that 
a leak exists between the water jacket and the oil passages. In rare cases this may be the result 
of a cracked eSgine block, but it is usually due to a broken head gasket. In the cases of this 
type crack the block can probably be sealed. If it is the head gasket, both the cylinder head and 
the block must be checked for a smooth, flat surface, and then be ground if necessary. 

If an overheating problem exists in an air-cooleti engine, and the fan and belt are serviceabfe, 
the cooling fins may have a build-up of dirt or other foreign matter between them, -^ir must be 
capable of parsing between the fins to carry the heat away from the engine (fig 3-13). This 
problem is usually remedied by cleaning the fins with a high-pressure air gun. 
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Fig 3-13. Cooling fins. 

A shroud (a contoured sheet of metal which channels air flow) usually covers the entire 
engine or at least the larger portion of it. This shroud directs the flow of air around the engine 
and through the cooling fins. Naturally, -if the shroud is loose, it will not hold enough air inside 
to properly cool the engine. It may cool t+ie engine near the fan. but the remaining portion of 
the engine would overheat. 

Each fin cools a particular portion of the engine, and. if the fins become chipped, that portion 
of the engine will form a "hotspot. " This is extremely critical in the cylinder head a= a hot- 
spot in # combustion chamber will cause the fuel to ignite prematurely, affecting the performance 
of the et^ine. 

Oil is also a major factor in the cooling of an air-cooled engine. An oil cooler is provided, 
which is very similar to a miniature radiator. This cooler must be cleaned periodic ally wuh an 
air gun. or the engine will overheat. The oil passages must be kept extremely clean This is 
accomplished by timely oil changes and oil filter changes. 
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Defective oil passages are usually the result of contaminated oil. Here again, a little 
preventive maintenance is the solution to the problem before it begins. Prescribed periodic oil/ 
and oil filter changes will prevent this condition. The condition of clogged oil pa&^ges may b^' 
detected by an indication of abnormally high or low oil*pressure readings on the instrument 
panel's oil pressure gage and verified by removing the rocker arm tover. Either some 
or all of the rocker arms may not be receiving oil if the pressurised passages are clogged (fig 3-14). 
If the return passages are clogged, oil will be found "standing" ih the top of the cylinder he?id 
where the rocker arms are located. To remedy this situation, you may remove the rocker arm shaft 
and soak it in a strong parts cleaner and clear all oil passages with a soft wire. The oil $hould 
be changed immediately after this is accomplished and as fifequently as possible until th^ oil 
additives have ample time to clean the system. 

Rocker arm 
oil passages 




Oil "stmndlng" in this u«« indicates 
blocked oil rettn pajgtgas. 



Fig ^-14. The rocker arm lubrication met 

Another non-moving component which is a source of engine malfunctions is the cylinder 
head. . 

3-2. CYLINDER HEAD 



The same problems, diagnoses, and remedies apply to the cylinder head as apply to the 
engine block with somAadditions. For instance, a cracked cylinder head will pr'oduce th6 same 
results as a cracked engine block, and the same holds true for clogged oil passages in the cylinder 
head. .A common prottlem in cylinder heads is a "blown" head gasket. This is usually indicated 
by two adjacent (side-^y-side) cylinders failing to deliver power (misfiring). When this condition 
exists, perform a comaression test to verify the problem before removing the cylinder head 
(it could be faxilty ignition). When a head gasket "blows, " the break is usually between two 
adjacent cylinders, and a\r, instead of being compressed, simply moves back and forth between 
those cylinders (fig 3-15). A compression test would indicate little or no compression in either 
of these two cylinders. To remedy this problem, the head and block must be checked for a 
perfectly flat condition and machmed flat (commonly termed, "grinding the head or block"). 
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Fig 3-16. Flow of air due to blown cylinder head gasket. 
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Carbon build-up is another problem encounterefwith cylinder heads. When P-f«;g"^^°;';^ 

The carbon tends to hold heat, which ignites.the fuel prematurely. 

Now that we have discussed the englp. block and the cylinder head, let's move on to the major 
parts and their malfunctions. 

3- 3. PISTON ASSEMBLY 

The Diston assembly is a common cause of engine malfunction. L^f s start with the defect 

strokes? 

n vo„ kne« u»t . erected pl.ton ~ould allow preasure to P«.. through it, you .r. on the 

.i^t .".r- Terrpi-L crLfd or ha. . hoi. ,j ";j^;-:^~';^:r?^zrri.. 
:h,r:"ir?,ir.t"«r.or"f;:^.r,r.c"o-{:S" 

pfoduced by the misslrjg spark Pl^S^s ["^ ^^^if a^misfire which we suspect is a 

'pirtoi;: . c.u,.d „oth„ sohr^ 

What tests are we goi^to perform on the cylinder? 

1 'M^" nnmnression test to ensure that this is the only defective 
First, perform a complete ,dry j=°'"P'^?^^'°" ° j,/e„„i„e find that other 

cylinder. To make regalrs orv one cylinder ^"^J^^f "^'^J^^^f/„r^rey Upon completion of the 

the "wet" test should produce the same readings. 

If the "wet" test reading rises above' that of the "dry" test and you do not suspect a scored 
cylinder wall, what might be a cause of the ris^ in pressure? 

By injecting oil into the cylinder for the "wet" test, you have i7-;„«';;^^!.^;^;,'',Vs?rre 
. the plsr"r\n}s fnd the cy-er walls^ 1;,";^; aLVu^m/StTe "piirrg: ar^lorinT 
rsrb:"Vlarer\:" m%st";rh?w^er, the crack in the pisto. head may be so slight 
that the oil will form a temporary seal. 

U the piston rings are worn to the extent that ^^^^ 3; j:,;°:^■;L^Tl'pSe"'°^^^ 

■of black soot from ^^^'^^^^'T^^^^^^ -^^P^P- 

when the engine is "revved or gunned a " "e sm ^ ^et and the 

This smoke will resemble the steam emiUed they will also be 

cylinder, but will not dissipate as fast. When the spark Pj^S^ ,o 
coated with black soot on the electrode end (firmg end). The only remeay 
replace them. 

The more moving components a mechanism has. tKe more chance there is of defects. A 
typical example of this is the valve mechanism. 

3-4. VALVE MECHANISMS 

A, you too. the pr-vlou. l.ssoh jS. v.,,. S^i-^r/^iroAh"!?- 

iToS ■:hth%rt^^u/r.L:=h?n:^ w?i"ii - - — - 

the source of movement within the mechanism. 



Recall the function of the timing gears or timing chain and sprockets. If they are installed 
one tooth out of alinement, the engine will hardly operate. If they are installed two or more 
teeth out of alinement. it is very likely that the engine will not operate at all. het'n ftssnme 
that a vehicle has just been toweci into your shop because it will not start, although presterday 
it was operating fine. You have checked the ignition and all spark plugs are firing well. You have 
checked the fuel system and eversrthing is fine there. Next you check the TM for the location of 
number one spark plug wire in the distributor, remove the distributor cap, and turn the crank- 
shaft unfll the rotor button is in position to ignite that spark plug (fig 3*16). Number one spark 
plug should be firing somewhere near this point. You can't see the spark, but by observing the 
timing marks located on the crankshaft damper, you know that they should be near alinement with 
the timing mark pointer on the engine block. They are not. Keeping in mind that this engme 
was running perfectly jyesterday. what would you diagnose this malfunction as?* 
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Fig 3-16. Tactical vehicle distributor. 

If the camshaft is driven by gears, a gear-tooth has most probably been ihipped off the 
gear. If it is driven by chain and sprockets, the chain may have become worn so badly that it 
jumped a tooth or two on the crankshaft sprocket or camshaft sprocket. Either of these occurrences 
would throw the valve timing off. The mechanical timing mechanism (timing ^ears or sprockets 
and chain) must be repaired by r.eplacing those components which are defectr 

The camshaft will seldom, if ever, be the sourc» of malfunction, Howefver. there have 
been cases of camshaft lobes wearing to the extent that they would drastically affect the performance 
of an engine. This was due to a lack of lubrication between the (Camshaft lobf s and the valve 
tappets. In which case the tappets experience excessive wear also. 

Can you determine the result of this condition in valve operation? 

The camshaft lobes open the valves to allow the fuel-air mixture to eiiter and the burned 
gases to leave the combustion chamber. Therefore, if the lobes and the talppets are worn, the 
valve opening is affected in the distance the valve opens as well as the amdunt of time It remains 
open (fig 3-17). This cuts the amount of fuel-air mixture which is allowep Into the engine. 



VALVE 
OPENING 



VALVE 
OPENING 




GOOD 
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WORN 
CAM 



Fig 3-17. Comparison of the opening of the valve with a good^am lobe and a 
worn cam lobe. 
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■ With less fuel-air mixture, naturally, the engine suffers a loss in performanc;?. This situation 
may be remedied in its early stages .by valve adjustment. A good sign to watc]i for is the engine 
requiring frequent valve adjustments or, in the case of engines with non-adjustable hydraulic 
valves, check the bottom of the tappets for wear when they are removed. The only remedy for 
this condition in the latter stages is replacement of the camshaft and tappets. In the early stages, 
valve tappet wear is easily detected through the sound the tappets make. It is sipiilar to the^ <e)J|^ise of 
a pencil point tapping on a desk. 

A valve which remains open for a longer period than necessary is just as bad as one 
which opens too late and closes too soon. This will cause the valve to become burnt. UTiat 
component in the valve mechanism wjould be at fault if the valves were remaining open for'a 
prolonged period of time? 

Prolonged valve opening may result from two conditions, weak valve springs and valves 
adjusted too tightly. A weak valve spring will not close the valve as rapidly as it should, and if 
the valves a^re adjusted too tightly, the camshaft lobe will open them sooner than desired and allow 
them to be closed later. Compression can only be created in the combustion chamber while 
the valves are closed. 'Therefore, if the valve remains open during the compression stroke, 
compression will^jirop in direct proportion to the amount of time the valve remains open. 

From this point on, we will discuss^the valve-in-head valve train design since it covers 
che components of the valve-in-block valve train as well. As you know, the pushrod is a long 
thin rod. If the valve guide becomes rough or burred, the valve stem tends to hang (stick) 
inside it. This will hold the valve open too long, as well as putting added pressure on the pushrod. 
If this pressure becomes great enough, it will cause the pushrod to bend. What do you think the 
symptom would be if this condition occurred? 

If the pushrod becomes'^bent, its length would be shortened. This would produce the same 
effect as worn tappets or camshaft lobes. Therefore, the first symptom would be the sound 
emitted from the valve train,, which is similar to the tapping of a pencil. ^ 

A bent pushrod cannot be straightened perfectly, and even if it could, it Ivould be weakened 
to the point that eventually it would bend again. A bent pushrod must be replaced with a new 
part. What must be done prior to replacing a bent pushrod? You must eliminate? .the source of 
the problem. Therefore, you must repair or replace the valve guide before installing the new 
f pushrod. 

Worn rocker arms and rocker arm shaft are a cause of valvea opening too late and closing 
too soon. The symptom again, is the sound similar to the tapping pencil. The cause of this 
problem is problem is poor or no Lubrication. The pivot (fig 3-i8) of the rocker arm and rocker 
arm shaft will become worn. This condition may be verified by removing the rocker arm cover 
and observing the rocker arms while the engine is operating. If lubrication p sufficient, oil will 
squirt from the rocker arms as they rock back and forth. If no oil is present, the rocker arms 
and the rocker arm shaft must be replaced. It witldo no good however, to replace these com- 
ponents unless you clear the oil passages leading toihem. 



ROCKER ARM 




Fig 3-18. The pivot point for the rocker arm, the rocker arm shaft. 
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Let's return to the compression test for a moment. If a "dry" test and a "wet" test 
result in the same reading, this indicates an open combustion chamber (a cracked piston head, 
a valve adjusted too tightly, etc, ). We don't think thiTt It Is a cracked>ston because no sound 
is present to in<}lcate this. You. will probably'have to remove the cyllhder head, but first adjust 
the valves to ensure that they are not too tight. Now. after performing another "wet" test on 
the cylinder, the result is the same. You are encountering the most common cause of an ^pen 
cylinder, a burnt valve. When a valve becomes burnt. It means that the face of the valve has 
lost its machined smooth finish due to partial melting of the metal caused by extreme heat within 
the Valve. When this happens, the valve must be ground. The valve face Is cooled by the valve 
seat when the valve is closed. The valve seat, of course, is cQOled by the water jacket. There 
are usually two reasons for a valve becoming burnt. Can you determine why this condition would' 
occur? 




lURNED VALVr 



Fig 3-19. The affect ot/flT^orchlng and melting. 

In order to cool sufficiently, a valve must remain seated for a certain period ot time to 
give the seat ample time to^ transfer the heat from the valve to the coolant within the water jacket 
If the valve is adjusted too tightly, this period becomes shortened. As a result, the valve will 
become overheated and the face will scorch and melt to the extent that It will not form a pressure- 
tight seal (fig 3-19). Therefore, we have an open combustion chamber even when the valves are 
closed. » 

To ensure proper cooling of the valves, they must be adjusted by inserting a feeler'Vge * 
.V"*,!!"!*"! ^™ ^""^ ''^^''^ turning the adjusting nut until a slight drag is 

felt (fig 3-20). The TM for the specific engi;ie will state the procedures to bc*^ollowcd as well 
as the clearance requixed. 



ADJUSTING SCdEW (NUT) 
HOCKEH ABH 

PESXEH GAGE 




Fig 3-20. Adjusting valves on an I-head engine. 



3-U 



83 



» 



3-5. CRANKSHAFT 



Another common source of maifUnctlon within the engine is th;p crankshaft and Its related 
parts. On rare occasions, the crankshaft will actually break Into two pieces. This is usually 
due to metal fatigue, but It may also be the result of one Ijprtlqn of the shaft "seizing" during 
operation. This condition Is. due to poor lubrication. There Is no method of repair for a broken 
crankshaft; therefore, it must be replaced. 

^-Improper lubrication Is the major cause of cranki^haft ^allure; Both the main journals and 
.theYrankplns rotate inside frlctlon-type bearings. Without lubrication, these bearings would 
last only a matter pf seconds. With improper lubrication, such as heavily diluted oil. Improper 
viscosity, or insufficient quantity of oil, the bearings will break down far earlier during the life 
of an engine than they should. When the bearings break down, an excessive amount of free play 
exists between the bearing arl the crankshaft. This can be detected through a "knocking" sound 
inside the oil pan. If 'detected early enough, this condition may be remedied by merely replacing " 
the bearings. If not, the crankshaft must be "turned" (ground to eliminate blemishes), and 
the bearings replaced with a different size bearing. 

In some cases, the bearing wUl seize the crankshaft and result In a broken (thrown) connecting 
rod or a broken ci^ankshaft as mentioned earlier. 

We have discussed how to detect, recognize, and ^locate engine malfunctions. We have 
briefly covered some of the remedies for these malfunctions. Now. let's disassemble an engine 
and prepare It for whatever repairs are necessary. « ♦ • 
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Chapter 4 

■ it 

EN^E DISASSEMBLY 

4-1. INTRODUCTION 



Many engines have been repaired or rebuilt and returned to operation, but a short time 
later we find thenf back In the maintenance facility. Prqjpably the greatest cause of this Is 
improper disassembly. Most mechanics who experience this situation concentrate all their efforts 
on repair of the components known to be defective, and carefUl reassembly. They fail to see 
the importance of proper disassembly. . As you can see. we are "devoting an entire chapter to the 
disassembly phase. You will soon realize this is just as important as repair and reassembly. 

4-2. ENGINE REPAIR PREPARATION 

« • 

A goodsrepair or rebuild job begins with engine preparation. • Without good preparation you 
may not only fail to locate unknown defects, but you may cause ftirther damage. 

W^h the engme removed frop the vehicle, we begin our preparation. Imagine yourself 
a surgeon, and the enlgine your patient. If foreign matter enters y^ur patient's body, infection 
will . result, and your operation is a failure. Let's make sure that ALL openings into the engine 
are well covered (fig 4-1). ? s 



CAPBURETOR 




Fig 4-1 



Engine preparation. 



Now that all the openings are covered, you must clean the engine thoroughly to prevjent 
foreign matter from entering the engine during disassembly. This could cause damage to the 
internal parts later.. First, let's take a high-pressure cleaning unit and steam clean the entire . 
outer surface of the engine. If a cleaning unit is not available, use a high-pressure water 
hose to remove the dirt and loose matter. Next, with cleaning solvent and a stiff brush, remove 
any grease or oil which may be on the engine. Using two separate containers, Remove the • 
oil pan drain plug and open the cylinder block drain cock and drain the engine cAtngletely 
(fig 4-2). Wljlle the engine Is draining, you might use this time to make sure thaty^Jur working 
area Is thoroughl^yjlpan to prevent any chance of getting the internal parts of the engine 
contaminated. , ** 




Fig 4-2. Drain the engine. 



With the engine thoroughly cleaned and drained, let's make a good visual inspection^of its 
outer surfaces for cracks and broken parts as you begin removing the accessories. If these 
conditions exist, you must get a decision from a machinist on the feasibility of repairing the 
defects, ^ew or rebuilt parts are of no value if our engme block is damaged beyond repair. 



At this point, we are ready to disassemble the engine, 
stand and begin the actual disassembly (fig 4-3). 



Let's mount the engine 'on the repair 



Note ; The removal and installation of the intake and exhaust manifolds 'will be covered in 
another course. It is essential, however, that these components be inspected and 
properly alined for the engine to operate correctly. 




IMfKOVISED ENGINE 
SUffOtT MACKn 



Fig 4-3. Engine mounted on repair stand. 

As you disasseriible^^engine, check each part to make sure it can be used \n the repair 
of the engine. If we wait until 'reassembly, it will cause extra work and unnecessary time. 

4-3. CYL»INDEti[ HEAD REMOVAL 



We have already inspected the outer surfaces of the cylinder head, along with the rest of the 
engine. The internal portion of the head must be cleaned before it can be inspected. Therefore, 
when you reifiove the cylinder head, lay it aside and inspect It later m a separa'te area. To 
clean it now would result In carbon deposits flying through the air, possibly contaminating the rest 
of the engine. . ^ 



Removal of the cylinder head from an L-head engine is very simple Simply remove the 

To s"ta*„d it '°h" '"'^ '''' " ^"'^ n't. on aTat surTace 

J„„!^."„ ' ^""^^'^ the head warping and ca^se 

unnecessary repairs in most caseS. At this time, also remove the cylinder head wsket in/nent 
it for signs ofleakage. and discard it. Any signs of leakage should be recorded sfthat'um^^ 
:;:r,r;' '''' -^^-^^y'^-^- •^^-'^ gasket- slrfac. inspecTont tha^ ^1-^7' 

Removal of an I-head or F-head engine's cylinder head requires a little more effort First 
remove jhe rocker arm cover and discard the gasket and the retainer'seals (fir4-4) ' 



arA|NU KoacH arm cova 





Fig 4-4. Remove the rocker arm cover. 




.u^vp i back off (loosen) the valve adjustment at least one complete turn 

sheve the pressure on the rocker arms (fig 4-5). If the pressure is not reUeved damage to 
the rocker arm shaft could result when it is being removed reiievea, damage to 



to rel 




^ig 4-5. Relieving rocker arm pres^^^e, 

.nH i flfTr ^^P^^^^»^^ is relieved, riAiove the rocker arm attaching bolts and nuts (fig 4-6) 
11^':°"''"':"'" " the engine has no rocker arm shaft, simply 



remove the rocker arms. 




Fig. 4-6. Removing the rocker arm shaft, 
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Once the shaft Is removed, you might make a preliminary inspection by removing a couple 
of rocker arms and cocking their pivot points on the shaft. If you find grooves worn into the 
shaft, discard both the shaft and the rocker arms, retaining all other parts. 

» ^ 

To prevent damage to the pushrods when the cylinder head is removed, take them out of 
their holes (before removing the cylinder bead) and lay them in order on your workbench or in 
the area you are storing the parts you have removed. You might as well take this opportunity to 
ensure that all the pushrods aA perfectly straight, A bent rod will continue to bend when 
reinstalled in the engine. Discard any bent rods and make a note of the holes from which they 
were removed. 

Now, loosen the cylinder head bolts, lift the head from the engine, and lay it on a flat 
surface. Remember, we will inspect the cyhnder head assembly later. 

4-4. OIL PUMP REMOVAL ^ ^ 

Let's turn the engine upside down now, and remove the oll^^R so that we may work inside 
the crankcase. Discard all gaskets and neoprene seals. < 

We win remove the oil pump, the pick-up tube; and the oil strainer as a complete assembly. 
But first, let's vmake su^e those oil pump drive gears are in good condition. It would just be 
^ extra work to remove the oil pump now, repair the engipe, and reinstall the pump if the gears 
are worn excessively. Free play (backlash) between the gear teeth would grow larger and 
larger, and we would have to replace the oil pump 'in the near future. Remeniber» the engine is . . 

to be repaired, to a like-new condition. 

Backlash Is measured with a dial Indicator. This Instrument Is attached to, or placed 
upon, the' engine block and the levers adjusted until the tip of the plunger may be plaifed against 
one tooth of the driven gear. Now the instrument is again adjusted until the dial l^eads zero. 

After the ^nstrume^nt Is set up in this manner, tUrn the d^riven gear against the plunger tip 
until it is stopped 8y the driving gear, then turn It back until it contacts the next tooth and stops. 
The distance the dial reads from one tooth to the next Is the backlash (fig 4-7). Record the > ^ 

backlash and checK it against the tolerances listed in the TM for your vehicle. If the backlash is 
not within tolerances, make a note of this so you do not forget to remedy it. 




Fig 4-7. Measuring oil pump gear backlash. 

Now remove the oil pump and the pick-up tube and strainer screen assembly (fig 4-8). 
Discard the gasket, * , . • 

OtfUMf WCK4JPTU« 

AND ^ 
SEMILY 



\ 




Fig 4^ Oil pump and pick-up tube an^ screen assembly. 
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4-5. PISTON REMOVAL 



There Is quite a bit of work to be done before you can actually remove the piston assembly. 
The first thing to do ia check the connecting rod side play. This is done by inserting a feeler 
(thickness) gage between each connecting rod cap and Itfl crankshaft throw (fig 4-9). Try several 
leaves of the gage, if necessary, until one Is Inserted which has a slight drag. Record the number 
stamped on that leaf. After all connecting rods have been checked, open your TM to the pfoper 
spe^ficationa and list the rods which are not within the specified tolerance. 




Fig 4-9. Measuring connecting rod side play. ^ 

Let's turn the engine upright again and take a look at the cylinders. Around the very top 
yot; can see or fe^l a rld^e. This ridge is produced by carbon deposits and ring wear, because 
the rings do not travel this high. ^ The rings of the piston cause wear on the cylinder as they 
travel up and down. The top edge of the rings also wei^ to a curved shape. The ridge at the 
top of the. cylinder will match the shape of the "top edge of the ring. When new rings ,are Installed, 
they have no wear, and will strike the ridge, causing ring and, possibly, cylinder wall and piston 
damage (fig 4-10). 



OLD BING MATCHES BIDGE' 




NEW BING STBIXES BIDGB 



Fig 4''10. Results of installing new piston rings with ridges at the top of the 
• cylinder. - , t 

- The ridges at the top of the cylinders must be removed prior to installing ne.w piston rings . 
,and now is the best time to accbmplish this. By removing the ridges at this time, you eliminate 
the chance of damage to the piston when it is removed. * 

ifou will use a tool known as a ridge reamer (fig 4-11) to remove the rltJges. Turn the 
crankshaft until the piston of the cyllnd.er about to be re^^med Is at BDC. Now, ge^t a clean cloth 
and place it inside the cylinder to catch ALL n;ietal filings which might fall into the cylinder. If 
they are not caught, these filings sCan cause cylinder wall scoring. While reaming, be very care- 
ful NOT to cut Into the ring travel area of the, cylinder. • This will not-only damage the* cylinder 
wall, but the piston as Well. Before turning the crankshaft to bring th^ next piston to BDC, BE 
SURE that ALL metal filings are removed and discarded. 
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^ Fig 4-11. Removing ridges from the cylinder. 

When all cylinders have been reamed, you are ready to remove the piston assemblies. 
Again, turn the engine upside down. The connecting rod caps and pistons must be" removed one 
at a time ,to prevent damage to the engine. Turn the crankshaft until. the piston to be removed 
is at B£)<p. This makes it ^easier to remove the bolts from the connecting rod bearing cap. 
Remove^ the two cap nuts and lift the captrom the crankpin. Check the cap and the rod to make 
sure they are mai*ked. If they are not marked.' mark' them both with a numbej:* stamp or center 
punch ON THE SAME SIDE, numbering them in their proper sequence in the engine^ This is done 
so that, when the pistons are reinst^ed. they will be in the same cjjlinder and in the same position. ' 

Now. you may remove the piston assembly by placing the handl^e end of your ball peen hammer 
against the end of |he connecting rod. and carefully pushing the piston out through the top of the 
cylinder (fig 4-12). Make sure that the connecting rod DOES NOT strike the crankpin or the 
cylinder wall. Even^the slightest scratch will cause you extra work to remove. Repeat this 
procedure on each piston until they are all removed. j 



HanwnerTiaadlt Cwmeotinff rod 




Fig 4-12. Removing the piston assembj,^. 

♦ * * * n «. 

If the ridges are not rertioved at this time, extra 'force will be required, and chances are 99 out 
of 100 that thejhammer will slip, causing the connecting rod to strike the crankpin or cylinder 
*wall. " ■ ^ 

Note: Most pistons are marked^'afSt^ factory with a notch or arrow, so check the piston first. 
^ If the piston heads are not marked, then you would proceed as follows. As^each piston is 

removed, mark the forward portion with a center punch 'numbering them as you numbered 
the rods. 



4-6. TIMINQGEAR REMOVA 



To remove the timing gears, you mu6t first remove the crankshaft damper and pulley, 
the timing gear cover, and the crankshaft oil sUnger. After these items are' removed, make sure 
that the timing gears are in good con4ition. If you do not check them at this time, you cannot checft^ 
them uotil they are reinstalled during reassembly, and thi.s means extra swork, because you may 
have to change them after reinstallatiorw 
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The first check to make is free play (backlash) between fhe gears. If the backlash is excessive, 
the valves will open and close later than they should. For this check, use a dial indicator (fig 4-13). 
The instrument is placed upon the cylinder block or. depending upon the manufacturer's design, 
attached to the cylinder block. Adjust ihe linkage between the dial and the portion on the cylinder 
bl6ck so that the dial plunger rests on i.he face of one gear tooth of the camshaft gear. When making 
this adjustment, -be sure that the teeth of the two gears are in firm contact and that the dial reads 
zero. Now, turn the camshaft gear just enough to cause it to touch the next tooth on the crankshaft 
gear. Kecord the reading on* the dial indicator and make the next check. « 




Fig 4-13. Checking liming gear backlash. 

The next check will be, performed to find out if the gear is warped. There is little or no 
chap.ce of the crankshaft gear warping due to its small size. Therefore, leave the base of the 
dial indicator in its present position, and check only the camshaft gear. This check is called 
the timing gear runout test. Simply adjust the dial indicator linkage so that the plunger rests on 
the end of the gear with the dial indicating zero (fig 4-14). Turn the camshaft gear one complete 
rotation and record the highest reading observed on the dial indicator. 




Fig 4-l4. Checking timing gear runout. 

Before removing the timing gears, let's make one more check, the camshaft end play. This 
will determine if it will be necessary to replace the camshaft thrust bearing. Although this check 
has no direct connection witK the^ondition' of the timing gears, it can only be made with the cam- 
shaft gear installed. 



With the dial indicator base in th^ same position, place the plunger on the end of the cam- 
shaft gear retainer bolt. Now. pl^ce the end of your pry bar between tKe gear and the engine 
block and gently pry the gear away from the engine, . Record the reading of the dial indicator (fig 4- 



15), 



^ with all the checks accomplished, check your readings against the specifications in the TM 
for your vehicle. If the gear backlash or-runout is beyond tolerance, the gears may be discarded. 
If the camshaft end play is excessive, this means you will have to replace the camshaft thrust bearing 
before reinstalling the camshaft. 
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Fig 4-15.. Measuring camshaft end play. 

Now, you can remove the timing gears. The crankshaft ge^ar is removed first to prevent 
damage to the camshaft gear. If you remove the camshaft gear first, you will be turning the 
gear puller In a clockwise direction, while the camshaft gear is attempting to rotate in a counter- 
clockwise direction due to the design of the gear teeth. This causes added resistance to the 
puller. *' , 

Install the crankshaft damper retaining bolt prior to installing the gear puller (fig 4-16). 
If the gear puller is installed without the retainer bolt, thread damage will result. \Vheh the gear 
puller is installed as shown in figure 4-16. you simply turn the center bolt of thte puller clock- 
wise, while holding the gears, to prevent them from turning. The TM for this vehicle will Instruct 
you a's ♦'^ the best method of holding the gears. 





Fig 4-16. Removing the crankshaft gear. ' 



Removal of the camshaft gear Is "accomplished with the same tool (fig 4-17). The retaining . 
bolt, being still attached, *is loosened a. few turns prior to Installing the puller. Install che puller 
basically the same as ioi- • rankshaft removal. Turn the puller clockwise, allowing the gear to break 
free of the camshaft. The puller then may be removed, the retainer bolt removed, and the gear 
lifted from the camshaft. 
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Fig 4-17. Removing the camshaft gear. 
4-7, CRANKSHAFT REMOVAL 



Before removing the crankshaft from the engine, remove the clutch pilot bearing and the 
flywheel from the crankshaft. 

The pilot bearing is removed at this time because it has to be removed with a slide hammer 
puller, and the block provides a rigid base. The puller (fig 4-18) is inserted into the hole located 
the center of the pilot bearing and spread to form a firm fit inside the bearing (figl-lQ). using 

othe thumbscrew. When a firm fit is obtained, slide the slide hammer to the rear with force until 

*the bearing is forced completely out of the crankshaft. 




Fig 4-19. Remoying the clutch pilot' bearing. 
' 4 



93 • 



i 



Before removing the flywheel, perform a runout test just as -you did for the camshaft 
timing gear. A warped flywheel will cause the clutch to engage unevenly and the clutch pedal will 
"bdunce. " Figure 4-20 illustrates the use of a dial indicator with a "C" clamp. lAgain, the 
dial is set at zero and the flywheel is turned one complete rotation. Note that the plunger is 
placed near the friction surface edge. Record tjie highest reading. If the runout is excessive 
according to the TM, the flywheel must be replaced unless facilities are available to grind it. 





Fig 4-20. Measuring flywheel runout. 

Now, let's remove the flywheel. Remove the bolts or nuts from the area around the center 
of the flywheel and carefully lift the flywheel from the crankshaft. Be careful so that you DO 
NOT drop the flywheel. This may cause damage to the ring gear. When the flywheel is removed, 
check the ring gear for chipped or m^issing teeth. If these conditions exist, the ring gear must 
be replaced; either by installing a riew ring gear on the flywheel or by replacing the entire 
flywheel. 

With the flywheel removed, check the crankshaft end play. This may be dorl^y placing 
the dial indicator at either end of the engine block. Use the end w^h is most convenient (fig 4-211 
Place the dial indicator on the engine block and set the plunger as mdicated in figure 4-21 with r 
the dial set at zero. 





A, Flywheel end. 



B. Damper end. 



Fig 4-21. Checking crankshaft end play. 
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With the dial set at zero, pry the crankshaft in the direction of the dial indicator by placing 
a pry bar between the crankshaft journal and a main bearing cap. Record the reading. If Xh&^ 
reading is higher than the TM allows, the crankshaft thrust bearing will have to be replaced 
during the repai> phase. 

All the necessary checks have been made, and you are ready to remove the crankshaft. 
During removal, remember there are many bearings and, bearing surfaces. Extreme care must 
be exercised. so that you DO NOT "nick** or scratch any bearing surfaces, or drop any of these 
tromponents. 

First, loosen ALL bearing cap retaining bolts and leave them in place. Next remove each 
main bearing cap and identify it by marking the number of the bearing on the same side of ALL 
bearing caps and bearings. This is to ensure that the bearings are reinstalled in their proper 
place and position when the engine is reassembled. Place the bearing caps in order, on the 
workbench with t^ bearing and bolts installed. Lift the crankshaft out of the crankcase very 
carefully, and lay it^n a flat surface. If you lean the crankshaft against ahother object in an 
upright position, IT WILL WARP. 



4-8. CAMSHAFT REMOVAL 

The final components to be removed from the engine block are camshaft and valve tappets. 
In some cases, the valve tappets may be removed first, and in other dlTses, the camshaft must 
be removed first. This depends upon the design of the tappets. Try to lift the tappets out of 
their holes with your fingers. DO NOT use force. If they cannot be removed, turn the engine 
upside down so that the tappets fall away from the camshaft. Attempting to remove the camshaft 
with the tappets resting on it will result in damage to both the camshaft and the tappets. You 
may remove the camshaft by removing the thrust plate retaining cap screws (fig 4-22), and il^alUng 
the camshaft forward carefully out of the engine block (fig 4-23). 





Fig 4-22. Camshaft thrust plate. 



Fig 4-23. Removing the camshaft. 



If you were unable to remove the tappets before removing the camshaft, they may be removed 
at this time frqm the bottom of the cylinder block. Once removed, lay the tappets on your work- 
bench in the same order in which they are to be installed in the cylinder block. Make sure they/ 
are reinstalled in that same order during^ reassembly. 

With the camshaft -and tappets removed, you are now ready to begin restcfring the engine 
to a like-new condition. ^ 
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Chapter 5 



ENGINE REPAIR 



Up to thia point «re have inspected and meaaured several parts to determine the need for 
replacement But, take a look at the amount of parts you have laid out (fig 5-1).: 




i i i CCV 
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Fig 5-1. Typical parts of a dismantled engine (cylinder head not included) 



Looking at figure 5-1, by this time, you should be able to name each part with the exception of 
one, the front oil seal plate. Can you do this? If not, it would be advisable to learn them now. 
Do not use'this text. It* is better to use your available TM's, especially the parts manuals. 
These are the manuals from which you must order replacements for your defective parts. 

Do you know your parts now? If so, let's continue. 

Each of the parts found in figure 5-1 must be checked to determine whether it is usable. 
Again, this is accomplished by close inspection and precision measurements. 

In most cases, the parts may be installed as they are repaired. But, since we are primarily 
concerned at present with repair, reassembly will be covered in the Jiext chapter. Let's begin 
our repair with the engine bio<ik. * * , 
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5-1, ENGINE BLOCK 



V , ?i ^ . "P*^'" * cleaning to be done. 

You cleaned the external portion of tfie*,lock during the engine repaif preparation phase, now 
the inalde must be 'cleaned. Only after this can a thorough inspection be made. With 
a high-pressure steam -cleaning Jnlt. or a cleaning solvent.- clearf all wat?r^nd oil passages and 
the cylinder walls. If thn oil passages are not clear when you reassemble the engine, all the 
cIt!o"fIll"e" ^ because you are likely to experience lubri- 

) ' »• ( 

, fl^^'u thoroughly for cracks. When a crack is present, it is usually 

Uidlcatftd by a thin line of rust. These cracks may be fbund.any place on or inside the block 
walls ^""^ detected in machined surfaces such as the gasket surfaces and the cylinder 

fn. . l^o'^L'"^ °'" " '^''"8 '^heck all ^,chiaed gasket surfaces 

K. ^•''^ spores may be smoothed 9ut with an oil stone, but 

hf the block ns cracked, seek the advice of the machine shop personnel... They may" be able to 
seal It; however, if they^cannot make the reeairs. the block must be replaced.* 

The block must also be checked for warpage. If the block Is warped. It piay result in a 
leakmg.or 'blown" cylinder head gasket. Lay a straightedge across the top of the cylinder 
bjock where the cylincffr head gasket is placed. Now. drag the straightedge along the surface 
of the cylinder block and look for "daylight" between the straightedge and-the cyllncfer block 
In those places where you detect a gap between the straightedge and the blOck. check the clearance 
7f %^of^ inserting the leaves of the gage between the straightedge and the bloclt 

-rif IP u ^"".^^ "^'•^8^ check your results against the tolerances listed in the 

CM. U the cylinder head gasket surface is found to be warped, the machine shop personnel will 
have to grind It flat if tolerances permit. CHECK THE TM. You just might find that the bloclf 
jcou are working on cannot be ground under any .circumstances. » • 




1. Cylinder block. .2. * Straightedge. _ 3. . Feeler. 
1 > Fife 5-2. Checking cylinder block j»arpage. 

If the block must be gr6upd. make a note of this. DO NOT submit the work to the machine 
shop until you have found all defects. There may be more wp^k for them, and they might as 
well accoippUsh it all at the tune you submit the block for repair. When all defects are loca'ted. ' 
send the block to the machine shop If necessary and accomplish your repair upon Its return. 

Next, check the cylinders for distortion, more commonly called "out-of-round'* and 
cylinder taper. This is done by taking measurements in each cylinder at the points indicated in 
figure 5-3. These measurements are made with a cylinder bore checking gage^ which is a dial 
mdicator. The gage may be moved from the top to thmfadttom of the cylinder, allowing you to 
measure the taper at each measuring point without removing the gage (fig 5-4) Record the 
reading at the top of measuring point A (fig 5-3) and moVe the gage to the bottom of the cylinder 
and record the reading there. Repeat this procedure at point B (fig 5-3). Now. determine the 
amount of out-of-round by subtracting the .smaller of the two top measurements from the larger 
To determine the amount of cylinder taper, subtract the top readings from the bottom readings 
Check your TM specifications to determine whether the taper*and out-of-round are within 
reusable limits. " 
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Fig 5-4. Checking cylinder out-of-round 
. and taper; f ^ 



Let's assume for the moment that the cylinders are not reusable in their present condition. 
In this case/ you must rebore the cylinders and replace' the present pistons with oversized^ 
pistons. The machine shop personnel will rebore the cylinders for you. If reborlng Is not 
required however, it .will be your job to prepare the cylinders for. reassembly. • 

If scores or rough areas arl present in the cylinder wills, they might posBlbly be remedied 
with a cylmder hone. You must hone the cylinder. walls anyway to remove the if'-o^""^^^*^ 
finish. This is done to aid the new piston rings in seating when they are installed. 
s placed inside the cylinder and adjusted to a snug fit (fig 5,-5). / heavy-duty e ectrlc ^^ai moUyr 
is then attached to the hone, a small amount of engine oil applied to the honing stones and the ^ 
drill put into operation. ^During the honing process, move the hone up ,j 
cylinder. When you feel that you have eliminated any scores or. rough spots "^^^^^^^^^^^ 
and move it upward inside the cylinder as it slows to a stop. Loosen the ^^i^^^^^""'^^^^^ 
and remove it Now., wipe the cylinder walls dry and inspect them to ensure that all ^lefects are 
removed. If defects remaln.in the cylinder, and It appears that a considerable amoun^^^^^^ 
will be necessary to remove them, consult the machine shop personnel. It may be necessary 
to rebore the cylinder. A word of caution here. During the honing process, the honing stones 

• MUST BE KEPT WET; so. continue to squirt oil on the honing stones to prevent them frc^n 

n becoming dry. 




Fig 5-5. Honing the cylinder. 

If the engine you are working on ^s equipped with Insert-type cylinders (mentioned earlier 
m the courseT he inserts may be'replaced} rather than bored. If you find .hat you replace 
a cylind^^ insert (liner) the piston must be replaced also. The pistbn and liner are issued 
as a matched set. 
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Replace cjflinder liners which do not meet requirements apeciffed in repair and rebuild 
standards. Usetthe hydraulic ram kit and the cylinder liner remoyer and replacer kit (fig 5-6). 




Cylinder liner remover and replacer kit 
1. Cylinder liner replacer support * 
assembly 
Cylinder liner^eplacer plate 
Cylinder liner remover and replacer 
handle 

Cylinder liner, remover and replacer 
rod 

5. Cylinder liner remover shoe 



6. Cotter pin, 1/8 x'l-l/2 

7. 3/4 X 2-39/64 clevis pin 

8. Cylinder liner isjj^ver sleev^ 



B - Hydraulic ram kit 

1. Hose assembly 

2. Hydraulic ram 

3. Pressure gage 

4. Hose and gage adapter 

5. Hydraulic pump assembly 



Fig 5-6. Hydraulic ram kit and cylinder liner remover and replacer kiV, 

• To remove the defective liner (fig 5-7) (numbers in parens refer to fig 5-7), use the 
procedure outlined below. Assemble the remover and replacer rod (1) and remover shoe (14) 
and secure the clevis pin (15) and cotter pin (8). Insert the rod up thrgugh the cylinder 
liner, from the bottom of the crankcase; until the shoe seats in the bottom of the liner. With 
an assistant holding the rod and shoe in position, position the remover sleeve (5) over the 
liner to be removed. 

Install the remover anci replacer plate (4) on the sleeve with the larger diameter away 
from sleeve. if 

Position the hydraulic ram (3) aiyl remover and replacer handle (2) on the rod. Tighten the 
handle clockwise until shoe« sleeve, plate, and ram are properly seated. 

Remove the protective caps from the hydraulic ram inlet. Install the hose and gage 
adapter (10) in the hydraulic pump assembly (11) and conrf^ct the hose assembly to the ram Inlet. 

Note ; The pistons in the hydraulic ram have a two-inch maximum travel; therefore, it will 
be necessary to remove the liner in two-inch increments. - 
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Place the hydraulic pump release lever in the proper position for pumping (lever to left). . 
Actuate the pump arm with slow, even pressure. Wh-en the sleeve has been moved approximately 
two inches, turn the hydraulic pump release lever to release position (lever to right). This 
will allow the ram piston to drop into position for another two-inch lift. Turn the handle (2) 
down against hydraulic ram,, reposition the release lever, and repeat the pumping operation 
until tlye liner can be removed from the cylinder. 
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Fig 5-7, Cylindelt' liner* remover a/d replacer kit showing position of 

shoe against liner during liner removal (jectlonal view). ' 

Remove the hydraulic ram kit, remover and replacer kit, and liaer. 

Clean the cylinder bore with crocus clot*i dipped in drycleaning solyent. Clean the bore 
thoroughly and wa^h with drycleanifig sdlvent. . ^ 

^ Before installing the new liner,%lace the oil pan gasket surface of the crankcase on suitable 

blocks. Position the replaper support assembly (16, fig 5-8) under the cylinder bore requiring 
a new cylinder liner (fig 5-8), 

Remove the cotter pin (8), the clevis pin (15), and the remover shoe (14), shown in figure 
5-7, from the remover and replacer rod (1). 

Note: The shoe and the remover sleeve (14) and (5} are not shown in figure 5-8, They are 
not required when installing new cylinder liners. 

Insert the rod down through the cylinder bore and engage the rod eye with the clevis of the 
support assembly.. Instal^ the clevis pin through the support clevis and the rod eye. Secure the 
clevis pin with the^potter pin. 

Position the new cylinder liner over the cylinder bore with the flange end up. Place the 
remover and replacer plate (4, fig 5-8) over the liner with the small diameter of the plate seated 
in liner. ^ 
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Position the hydraulic ram (3, fig 5-8) and remover and replacer handle (2, fig 5-8) on the 
rod. " . 



Tighten the handle until the ram. plate is properly seated. The cylinder Ivner must be 
properly alined with the cylinder bore before attempting to press it in. 

Note: Nominal fit of cylinder liner*ki bore is U. UU2- to 0. 003-Inch interference (tight) fit. 



Connect hose assembly <6, fig 5-8) to hydraulic ram inlet. 



Note : Remember that the pistons in the hydraulic xam have a two- inch maximuni travei. It wl 
be necessary for you to install the Uner in two- inch increments. f ' 

Place, the hydraulic pump release in the proper position (to left) for pumping. 'Actuate the ' 
pump arm with slow, even strokes. When the sleeve has been pressed into the bore apprpximAtely 
two inches, turn the hydraulic pump release lever to release position (to right). This will alffw thk 
ram piston to drop into position for another two-inch" press. , * 

Caution: The pressure gage attached to the pump indicates pressure exerted for cylinder 
liner installation. If indicator needle moves into "danger 5bqe" (red anea), stop 
pumping action immediately and investigate the cause. t£ cylinder line^ cannot 
be installed without the indicator needle entering the danger zone, reinove the 
liner as directed in ffgure 5-7. Repeat the installation {procedure using a diff^erent 
liner. t 

Turn the handle down against the hydraulic ram, reposition the release lever on the pump, and 
repeat the pumping operation. You wguld continue this procedure until the liner flange Is properly 
seated in ^he cylinder. ^ o \ 
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Fig 5-8. Cylinder sleeve remover and replacer kit and ram kit 
showing proper method of cylinder liner installation. 
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Remove hydraulic ram kit and remover and replacer kit. 

The new cylinder liners must be honed. To do this, refer to the TM that pertains to the 
engine you are working bn.' . . » 

Now that you have checked and repaired the cylinder bores, proceed with the tappet 
bores If the engine you are-working on requires it. The tappet bores are checi^ed visually. Check 
the bore walls for scoring and burring first. If scores pr burrs exist, they must be removed. i 
If the defects ^are not too deep, 'you may remove then with crocus cloth. However*, if this fails, 
you piust ream fhe bores and Veplace valve tappets with new, oversized tappets. The bores may be 
reamed wiOj a reamer as illustrated in figure 5-9.- Whether or not the bore is burred or scorejd, it 
must be checked for proper valve tappet fit. This api^lies to new tappets as wfeU as- the old tappets. 
The bores may be checked for proper tappet fit by attaching a dial indicator to .the engine block 
and seating the plunger.against the s^de of the tappet after inserting it 'into the bore. With the 
thumb and forefinger, move the tappet to.ward the dial and away from it, observing the distance 




k ^ Fig 5-9. Reaming valve tappet bore. 

indicated on the dial face (fig 5-10). pheckyvour results against the tolerances listed in the TM. 
If thertappet appears too small, order oversized tappets. Check the^new tappets for proper fit 
using the same method discussed for old tapwts: 




Fig 5-10. Checking valve tappet clearance. 
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N^xt, check the camshaft bearing" bores. Inspect the bearing surfaces first to determine whether 
new camshaft blarings are needed. If the bearings show slena of scoring, pitting, or excessive 
wear, they must be replaced so that the vaives'will open ana close properly for maximum engine 
perforr^nce. Figure 5-11 illustrates the type puller used to remove the old bearings and^ 
replace the new bearings. 
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Fig 5-11. (^imshaft bearing remover/installer. ^ 

The front ahd rear bearings are removed from the front and r^ar respectively, while other 
bearings may be removed from either end, depending iipon thje;, length of the engme. » 

To remove the rear camshaft bearing, first remove the camshaft^earlng plug by knocking 
it out from within the engine with a wooden dowel or suitable metal bar-<fi^ 5-12). 





Fig 5-12. Camshaft rear bearing plug. 

With the rear bearing plug removed (fig 5-13), you may now install the can^shaft bearing remover/ 
replacer by selecting 'the adapter appropriate to the bearing diameter, inserting the short- 
threaded end of the remover/r^placer shaft through the bearing bore, and attaching the adapter 
and yoke to the shaft as indicated in figure 5-14, Then, w|th an appropriate size wrench turn the 
yoke nut clockwise while holding tiie shaft with a pin punch or other suitable tool (fig 5<-14). 




The inner camshaft bearings and the front camshaft bearing are removed in the san^C~^V 
manner As stated before, the end from, which we remove them depends upon the length of the 
engine (it is usually best to, remove them from the closest enfl). Figure 5-15 will give you an idea 
of how the inner bearings are removed. 
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Fig 5-15. Removing inner camshaft bearings. 



The bearings having been removed, you wiU notice holes drUl^d certain f^oints The 
bearing.bor^s have holes which m£^,tch the holes In the bearings. These are oil holes and it Is 
very important that these holes be matched perfectly when installing the new bearings The life 
of the bearings depends upon it, ' 

With a piece of>chalk or other suitable marking material, mark the location of the oil holes 
in the engine Islock illustrated in figure 5-16, 
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Fig 5-18. Marking location of oil holes in camshaft bearing bores, ^ ' 

Now, let's Install the'^new.bearings. Begin with the Fast bearing removed by placing It on 
an adapter of^he remover/ replace r which is larger in diameter than the bearing (fig 5-17), 
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Fig 5-17, Camshaft bearing installed on remover/ replacer acfapter. 
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Now. place the bearing anc^dapter against the'bqre in^which it is to be installed. Insert thi 
shaft (with yoke attached) through the adapter^ /install the adapter nut, and with the appropriate 
wrench, draw the bearing into the bore until XYip adapter flange is flush with the bearing bore 
(fig 5-18), 
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Fig 5-18, /Installing camshaft bearings. 

Once installed. Inspect the bearing oil ho'les to ensure that t»ey are aUned with the oil 
holes of the bearing bore (fig 5-19). ]if not. thef must be removed and reinstalled correctly. 

i 




Fig 5-19. Ensure oil holes aVe alined 



With the' installation of the last camsha^lbes^Fing. you are ready to take the final step in 
the repair of the engine block- -replacement of the expansion (core) plugs. Defective expansion 
plugs cannot be detected until they actually begin to leak. Therefore, it is advisable to repUce 
all expansion plugs during the rebuilding of an engine. { 

V ^ 

The soundest method of removing the old pluga^ls to drill a 1/2-inch hole in the center 
of the plug and remove it with a slide-hammer type^Duiler as iUustrated in figure 5-20. You 
might have noticed that this is the same puller used to remove the clutch pilot'. bearing from the 
rear of the crankshaft. 
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Fig 5-20. Renrtoving expansion plugs. 



.v«o have removed the^Skpansion plugs, the new plugs are easily replaced with the 

expansion plug replacer illustrated in figure 5-21A. Simply place the expansion plug on the end 
of the replacer and, placing tt against the expansion plug recess (fig S-aiB). striie the end of 

i^tirtSl n" * '"*f "^""''^ ^ " has seated, Continue str^^ng t 

until the flange of the replacer is flush with the engine block. s^uiing 

Ind beli* o^Vn^nrnklfaJt.^"* expansion plug, we areVeady to set the engine bl'oC aside' 
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Fig 5-21. Replacing expansion pluga 

'5-2. CRANKSHAFT 




thp « 1 crankshaft must be handled with extreme /are to avoid fracturing or otherwise damaging 
the flnishect surfaces. Damage to these surfaces wi/l cause rapid wear of bearings and seals 
resulting in engine failure soon after the rebuQd is Accomplished. 

■ Your.iirst step is to cl'ean the crankshaft. The crankshaft may be cleaned with cleaning 
solvent or a strong parts cleaner if the solvent cannot do a thorough job. After the initial^ 
cleaning, use an air hose to blow out the small passages in the shaft. These are oil passages 
and are vital to the life of the bearings. One clogged passage can cause you to have to make 
extensive repairs shortly after the rebuild is\ompleted. In the Marin# Qorps. this costs the 
taxpajrer, Tjut in a civilian shop the money comes out of the mechanic's pocket. Once the crank- 
Shaft has been thoroughly cleaned, inside and outside, inspect it visually for cracks, burrs and 
grooves. Cracks, if present (and sometimes they are hard to find), are a sign of metal fatigue- 
therefore, the crankshaft Should be discarded afid a new one obtained. If you locate burrs on ' 
the fmished surfaces, you can usually eliminate them with the use of an oil atone. If grooves or 
deep nicks appear on finished surfaces, -the crankshaft must be ground in a lathe to a smaller 
size If possible. Consult the machine shop personnel concerning the grinding of the crankshaft 
If they cannot do the job, discard the crankshaft and obtain a hew .one through the supply s^tem. . 

Assuming that you have inspected the crankshaft and found no major defects which could 
not be remedied with the oil stone, take some measurements ip make sure that the ft-ankshaft I 
main journals and the crankpins are not out-of- round. An out-of-round journal or crankpin is 
just as bad as a burr, nick, or groove. Each journal and crankpin must be measured across its 
diameter in two places at 90° angles to each other ori' eac'h end of the jourtal or crankpin (fig 5-22) 
These measurements are made with an outside micrometer by adjusting the micrometer until it 
may be passed across the journal with a very slight drag. 
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Fig 5'-22. Crankshaft journal and crahkpin measuring points and formula for 

^ amount of out-of-round. ^ « 

This is illustrated in figure 5-23^ The size of the circle is not necessarily the size of the journal 
or crankpin. The arrow to the right indicates the directions in which the micrometer^ is moved. 




Fig 5-23. 



Mea^ring crankshaft m^in journals and crankpins for out-of-round 
with a micrometer. 



Before attempting to use the micrometer, be thoroughly faraUiar with its care and use. TM 9-243, 
Use and Care of Handtools and Measuring Tools provides a good basic knowledge* which will enable 
you to properly use this measuring tool. 

If the main journals and crankpins are found to be out-of-Vound. they must be ground or 
the shaft discarded. Before having the crankshaft ground however, make sure the shaft is wbrth 
grinding. What if it is not alineS?^ A^warped crankshaft is of no value to you in the rebuild or 
repair of an engine. With the use of a pair of "V" blocks (which may be fabricated locally) 
and a dial indicator gage, you can determine the runout of the crankshaft (fig 5-24). 
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Fig 5-24. Measuring crankshaft runout (warpage). 



h L crankshaft isVound to be warpW i^eplace it with a new shaft. If there is no warpage 

Mak« Tu\Z . '""^ °' 4 '^■'•^f f Sometimes this slot will become enlarg;df 

Make sure the woodruff keyVus snugly intoUhe sM, and while yoifs^re checkingtthe key fit, che^k'' 
the key Uself for burrs andlkcks. Most ofVheselay be eliminated wi^fean oil stone Just be 
careful that you do not decrease the size of ihe key when eliminating theste defects. 

Now let's clean ihe main bearings thoroughly and inspect each-bearing half Scored or 
chipped bearings must be replaced as well as Wessively worn bearings. At this point, you may 
begm to eliminate crankshaft end play if it waA^ound to.be excessive during disassembly This 
)I)^hn,,M-r^ f"'"! '^""^ bearingsaAhich have flanged ends, (fig 5-23r The Wa.:ing- - 

t^e flani an^H^.r w V eogihUlock or bearing cap, and the space between . 

tHe flange and the block or (jap measured with SiV^eler gage (B), 
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Fig 5-25. Checking main thrust bearing for end play. 



5-12 



If the fit 13 good at these points, remov^ the bearing halves and place ttiem in the appropriate 
journals of the crankshaft. Now. with a feeler gage, measure the end play between the bearing 
halves and the main journal throws in the same manner as you did between the bearing and the 
block. This measurement, of .course, is taken on the outsid^ of the flanges. Both of these 
measurements should be checked in- the TM. 

After making these tests, you must determine whether or not the bearing halves fit the crank- 
shaft properly. This may be accomplished by tw^ different methods. First, let's study the 
telescopic gage method. The use of these measuring devices requires skill and knowledge of 
their functions and must be learned from an experienced mechanic if an accurate reading is to 
result. Basically, howevff. the measurements arfe taken at six poims m each crankshait bore 
with the telescojpic gage shown in figure 5-26, ^ 





Fig 5-2Q. Measuring the crankshaft bore, with a telescopic gage. 

Measure each bore near both ends to determine the taper of the bore. , Each.end is measured 
across the bore at a right angle to the split of the bearing halves, then two other points 45^ from 
the original measurement. .These measuring points are illustrated in figure 5-27. 
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Fig 5-27, Points of measurement for crankshaft main bearings. 

.Note that the illustration indicates that the end measurements are taken 1/4 inch in from ea^ 
end. This is an approximate figure. Check your TM for spe cific distance. 



After EACH use of the telescopic gage, such as measuring point "B" a micrometer must 
be used to measune the telescopic gage length 'dince it has no measurements on it. When all 
measurements haVe been taken, check them against the crankshaft journal measurements. The 
difference found between these measurements is the ruijning^clearance of the main bearings, 
which must be checked against the tolerances listed in the TM to determine whether the bearings 
are suitable fop use. » -i , ^ 



Note: In order to obtain accurate measurements, the bearing caps m*ust be torqued to the 
specified torque listed in the TM. * 

Another method of determining running clearance is the plastlgage method. Plastigtge is 
a commercial name which has been accegted as a common term in the automotive field. It is 
a small string of plastic material packaged in a strip of paper which is used to take the measAJre- 
menls as well as to protect the material. 

To use tftis method, the engine is turned bottom side up and the crankshaft is placed in its 
proper position in the main bearing frame with the upper crankshaft bearing halves installed. 
Then a small strip of the plastigagc Is placed along the length of the journal. The lower crankshaft 
main bearing half i? placed inside the main bearing cap and the cap is installed and tightened to 
its specified torque. After this is accomplished, the bearing cap is removed and thA Hattened 
strip of plastigage is measured with the paper used to package it (fig 5-28). 
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Fig.5-28. Measuring crankshaft bearing running clearance (using plastigage). 



PLastigiige may be obtained in three ranges. The color of the plastic, string Indicates the 
range as fo^ows; Green is for bearings requiring 0. 001 to 0. 003 inches, red is for bearings 
requiring (^002 to 0. 006 inches, and blue is for bearings requiring 0. 004 to 0. 009 inches 
running clearance. Check your TM specifications prior to obtaining the plastigage to ensure 
that you ai^e using the proper gage. 

Note: When using plastigage. contact areas must be clean and dry. the crankshaft must 
not be rotated, and all caps must be installed and tight. 

Now install the crankshaft timing gear and we are ready tO' proceed to the next component. 
Drive the woodruff key into the woodruff key slot and slide the gear onto the shaft with the 
timing mark visible from the front of the shaft (fig 5-29), 
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Fig 5-29. A properly installed crankshaft timing gear. 
5-3. FLYWHEEL _ j , 

With all repairs completed on the crankshaft, the next component to be concerned with 
is the flywheel. Inspect it thoroughly for scoring, cracks, and heat checks (discoloration due 
to extreme heat). If any of these defects appear, replace it with a new one. Now. Ir^apect the 
flywheel ring gear for worn, chipped, or cracked teethe In most cases, this will be cause for 
discarding the flywheel. However, in some cases you might be re'i^ilred to replace only the 
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ring gear. If you muat replace the ring gear, cut the defective gear off with a chisel and cool 
the flywheel to the lowe^st temperature possible within your means (this nuay be room temperature 
or lower). The new ring gear must be heated to approximately 600'' Fahrenheit. After It has 
reached this temperature, inataU it on the flywheel and allow It to cool. 

In some cases the clutch pilot bearing Is Installed in a ^ore located in the flywheel and In 
other cases it Is In a bore located in the rear end of the crankshaft. In either case, force the 
pilot bearing into Its bore and make sure i^ Is snug and properly alined. In the case of a bronze 
bushlng-type bearing, you should always install a new one. In the case of ball or roller type 
bearings, make sure the bearing is operating smoothly. 

If the above defects are not corrected, poor clutch engagement results as well as the 
destruction of the clutch components in many cases. 

5-4. VIBRATION DAMPER 

Now, Inspect the vibration damper for chips and cracks. Chips'^ill result in vibration 
due to an unbalanced condition and cracks will result in the eventual destruction of the damper 
and possible damage to other components. If the damper is the type which we discussed earlier 
In the text, with the rubber mounting between the wheel and outer r^ng (weight) Inspect the 
rubber for deterioration. This can cause damage. 



If any defects are apparent in the vibration damper, discard It and obtain a new one. 
5-5. PISTON ASSEMBLY * 



Although the piston assembly performs a relatively simple function, the specifications 
are quite critical due to the speed of the piston Jj^avel, the pressure exerted upon it, and of 



course the friction caused by this, 
assembly 



Keeping this In mind, let's begin the 



repair of the piston 



To repair the piston, it must first be disassembled. Cover youi^^se jaws with a soft 
material. Soft tin or aluminum covers should be available in every shop. If not, you may 
fabricate a pair. With the jaws of the Vise covered, secure the connecting rod in them. With 
the piston secured In the vise, (see figp 5-30 and 5-31) remove tKe rings, beginning with the 
top ring and working down to the bottom. Ring expander tools are provided for this to prevent 
damage to the piston by scratching and burring. Figure 5-30 shows tools commonly used in the 
removal and installation of piston rings. Figures 5-30 and 5-31 Illustrate the use of these tools. 




.i*ifton rinr 
. installlnff toot 



Pisron rinf» 
initaltad 






Fig 5-30. Common ring expander tools used to remove and install Diston rings 



You might aiso notice that the illustrations In figure 5-30 and 5-31 picture three tvpes of 
pistons; dlesei, gasoline, and multi-fuel respectively. Either of these tools may be used on 
|any piston. Basically, piston rings are the sai)ie. 
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Fig 5-31. I Removing and Installing piston rings. 



After all tliesjrings have been removed, the oil control ring expander must also be removed 
(fig 5-32). In most cases, the oil ring, as well as the expander, must be removed by hand. 
Extreme caution must be exercised to prevent scratching the piston during this procedure. 




\ 



Fig 5-32. Removing the oil control ring expander. 



To prepare for the. next dlsass^mfcjly step, ^Mw^ the pjston and its connecting rod to ensure 
the same rod and piston are kept as a set. ,The iflB^P^n must also be included in th^ marking. 
Piston pms are NOT interchangeable. Interchan^|lp|)iston pins usually results in a piston pin 
knock (loose pins). YoU are now ready to remove the piston pin, separating the piston from the 
connectmg rod. The Pin will not come out, however^ until the piston pin retainer ^fiff 5-.33) 
is removed. This may be done with a suitable pair of pliers. After the retainers have been 
removed, the piston pin may be removed by either pressing it out with your thumb 6r driving 
it out with a brass drift if necessary. Again, exercise extreme caution to pi'event damage. 
Remove the connecting rod. Now, place the piston pin back inside the piston pin hole of the 
piston in the same end of the hole from which it was removed. Lay the separated piston and , 
connecting rod down and repeat the same procedure with the remaining pistons. 





Fig 5-33. Remove the piston pin retainer. 

Once the pistons are disassembled, clean and inspect them. The best method of cleaning 
them is dunking them in cleaning solvent and using a wire brush to remove the carbgn deposits 
on the head oi the piston ONLY (fig 5-34). 
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Fig 5-34, Cleaning the pistons. 

The ring grooves must be cleaned also. Special tools are designed for this purpose, but 
if none are available an old ring may be used provided the edges are r.bt sharp enough to 
scratch or burr the piston. Figure 5-35 illustrates the use of a piston ring groove cleaner. The 
tool is held in its track in two places by the guide and the blade cuts the^t^arbon awav as it is 
rotated around the piston. ^ 




-GUIDE 



Fig 5-35. Cleaning piston ring grooves. 

After cleaning the grooves, blow the piston clean with a compressed air hose, making sure 
all holes are completely clear. ^ 

When this is accomplished, inspect the piston thoroughly for scoring, burrs, and cracks. 
Light scores and burrs may be eliminated with crocus cloth, after which the piston is again 
serviceable. However, if all scores and burrs cannot be eliminated, discard the piston and 
use a new one. Figure 5-36 gives a good example of pistons which are and are not reusable. 
Note that these pistons have ring grooves at the bottom as well as the top. The pistons are 
designed for a diesel (compression-ignition) engine. Pistons which are cracked must be discarded. 
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Fig 5-36. Comparison of serviceable and unserviceable pistons. 

.f^fter repairing or replacing defective pistons, you must be certain they are going to fit 
properly into the cylinders. The next step is to check this piston fit. Bo^h^he piston and the 
block must be at room temperature to make this measurement, and the piston and cylinder walls 
must be clean and dry. Now turn to the piston repair section of your TM to determine the 
width and thickness of the feeler gage to be used for this measurement. It usually requires a 
feeler gage leaf about 1 1 /2 inches wide and from . 0015- to . 0045 - inch thick. Attach this 
gage to a tension scale. The gage must be longer than the piston. Position it in the cylinder 
along the cylinder wall sq^that it extends deeper* into the dyiinder than the piston will at its TDC 
position. Place the piston in an upside-down position inside the cylinder bore slightly below the 
top edge of the cylinder (exact distance, if required, will be listed in the TM) Figure 5-37 
Illustrates the^piston and gage properly prepared for the measurement V the piston fit. 

• Note: • The piston pin hole should ^e parallel to the crankshaft just as If you were installing 
the piston for operation. ^ " 




Holding the piston in place. puU the feeler gage out, keeping it straight as illustrated in^ 
figure 5-37* ' Make a note of the pull required to remove the gage by reading the scale. Both 
the scale reading and the thickness, of the feeler gage determine the clearance between the piston 
and 4Jhe cylinder walls. The chart pictured in figure 5-38 is a handy tool to help determine the 
clearance. To use it, find the diagonal line which represents the tl^ckness of the gage you are 
using, follow the line to a point horizontal with the amount of pull required to remove the feeler; 
gage from the cylinder, and read down to the lower set of nu|nbers/^ The lower set of numbers 
tells the clearance. For example, assume that you are using a . 004 inctffeeler gage and you 
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Fig 5-38. Piston clearance chart. 



must exert 5 pou/ds pull to remove the gage from the cylinder. Locate the 004 GAGE line, 
follow it down t/the 5 pounS line, and follow the vertical line to the bottom. As you. can see,' 
the vertical linte is halfway between the . 003 and the . 004 (clearance in inches) lines. This 
indicates that the piston fit clearance is . 0035 inches. Now,, try one yourself. Without looking 
at the answer ai the bottom of the page, figure out the clearance using a . 002' inch feeler gage 
which requires an 8-pound pull to bel^emoved. When you have your answer., lock ^t the correct 
answer at the bottom of this page. If ySur answer is incoi^ect, chances are you ntied to study ^ ^ 
decimals a little to refresh your memory. If the diagonal line does not cross at an intersection 
of a vertical and horizontal line, you must use your judgment. An exangiple of this would be the 
use of an . 003 inch gage at 7-pouncfS pull. A close judgment here would be . 0019-inch clearance. 
This is arrived at by dividing each section between vertical lines into five equal parts. 

If you find that the piston does not fit properly, then you mJst obtain the proper size piston. 
If no -Standard or oversize piston is available which will fit, then the block must be >^bored 
to an adequate size or be discarded. The fit tolerances-are located in the TM uader>iston 
repair standards. 

With the piston properly fitted, you must now select the proper piston rings. New rings 
must be used. These rings must not only fit the piston, but the cylinder as well. Let's first 
determine whether they fit the cylinder. Select a compression ring fr(jm. each set and place it inside 
the cylinder in which'it is to be used. Make sure that the ring is level with the top edge of the 
cylinder. This may be done by pushing the ring down into the cylinder with the head of the piston. 
With a feeler gage, determine the gap between the er^s of the rings (fig 5-39). ' ' 

• 

Answer: . 0005 inch >^ \^ f " ' 1 
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Fig 5-39. Checking piston ring end gap. 
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If the ring fits the cylinder bore properly, if it also fits the piston properly. We know that 
it will fit around the piston, but will it be loose in the groove? To determine this . fit, insert 
the ring in the groove for which it is intended and check the clearance with a feeler gage. Thisy 
is known as piston ring side clearance (fig 5-40), Now, match your findings with the manufac-^ 
turer's specifications. 
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I Fig 5-40. Checking piston ring side clearance. ' 

Note:* The oil control ring is installed prior to the compression rings. The oil control 
iTing is installed by hand and the ring expander tool is used to install compression 
rings. Figures 5-31 and 5-32 illustrate the removal and installation. • 



W|th all the pistons repaired, let's begin work on the connecting rods, 
rod in cleaning solvent; probe the oil passage and squirt holes with soft wire; 
foreign matter out with an air hose. Clean the rod bearings also. 



Clean the connecting 
and blow loose 



' You must make a thorough inspection of the connecting rod and bearings. Begin with the 
connecting rod bearing cap and saddle. Check these for scuffing, pitting, and burring. Slight 
imperfections may be removed with crocus cloth or a fine stone. If they cannot be removed, the 
rj>d and cap must be replaced. Check the condition of the connecting rod bearing and the piston 
' fin bearing. If excessive wear or pitting is evident, discard these bearings. 

/ If the piston pin bearing appears serviceable, check the piston pin fit. This may be done 

'by measuring the inner diameter of the piston pin bushiilg (bearing) and the outer diameter of 
the piston pin (fig 5-41), f . 




Fig 5-41. Measuring piston pin clearance, with telescopic gage and micrometer. 
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If the piston pin bushing is worn excessively, it must be removed and a new one installed. 
This should be done with an arbor press. Ff'sure 5-42 illustrates the use of the press to install 
the ne^ bushing. Removal is similar to installation. ' 




Fig*5-.42. Installing piston pin bushings. 

Installing^a new bushing does not necessarily mean that it will fit the piston pin. Again check 
the inner diameter of the piston ptn bushing and match it against the outer diameter of the piston 
pin. 

With the piston pin bushing checked, and replaced if necessarj', place the conne^ing rod 
bearing halves in the connecting rod saddle and cap and bolt the two together. Now cfieck out- 
of-round and taper of the connecting rod bearing. To determine this, measurement^ are taken 
in two places at each end of the, connecting rod bearing bore, just as we did with.the crankshaft 
main bearing bores (fig 5-43). 



UARING lOKE MEASUREMENT 




* Fig 5-43. Measuring connecting rod bearing bores. 

V:. 

On each end of the bore, take a measurement with a telescopic gage and micrometer in direct 
line with the connecting rod and another at a 90"^ angle to the connecting rod. The difference 
between these measurements gives us the out-of- round. Perform the same procedure at th$ 
opposite end of the bore. 

To find the taper, figure the difference between the two in-line measurements and the 
difference between the two 90** measurements. 

Now check the largest out-of- round figure and the largest taper figure against the^^olerances 
listed in the JM. If the bearing is not reusable, install new bearings and repeat the procedure. 
This will complete the repair of the piston assembly, and we can move on to the repair of the 
cylinder head. 

•Connecting rod bearing running clearance is checked by the same method as the main 
bearing, using micrometers. 
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5-6. CYLINDER HEAD 

The cylinder head is cleaned and inspected just ^K9^the engine block was; therefore, it is 
unnecessary to go into a detailed description. Let's get right into the repair of the cylinder head, 
If you happen to be working .on a 'cylinder head from an L- head engine, you will not have to be 
concerned with disasseinbly. However, as a mechanic, you will be required to repair T-hei!ad 
and F-head engines as well as L-head engines. Therefore, this knowledge is essential to your 
job. . ^ ^ ^ ^ ' I 



Begin disassembly by removing the valves 
compress the valve spring and remove the - - 



With a valve spring compressing tool (fig 5-44), 
valve stem locks'. The spring is compressed by 
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Fig 5-44. Removing the valves. 

placing the solid end of the compressing tool on the valve head and thd|Rlit end on the spring 
""retainer, then compressing it with the lever located on the tool, OgFeljais is accomplished, you 
may easily remove the valve stem locks with your fingers. Cup your^hand over the end of the 
spring now and release the Ipver, The valve spring and its related parts are then removed by 
hand. The valve may be removed from the bottom side of the^cylinder head by hand also 
(fig 5-45). 
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Fig 5-45. Intake and exhaust valves and their related parts. 

Check the rocker arm retaining studs next for thread damage and cracks. If they are 
damaged, they may be removed b^ threading two nuts on the stud, tightening them against one 
another, and removing the stud by placing a wrench on the lower nut and turning in a counter- 
clockwise direction. 

Next, remove the coolant outlet connection and check the thermostat operation. To remove 
the outlet connection, simply remove the cap screws retaining it and lift it from the head 
(fig 5-46). 



/ 
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Fig 5-46. Coolant outlet collection (thermostat housing). \^ 
tI^s recess In the cylinder head and drop it intt boili 



Remove the thermostat frorrrits recess in the cylinder head and drop it inti 
• to check its operation. The thermostat should open. 



mg water 



Check the heater outlet plug to ensure that it is not leaking. Leakage is usually indicated 

check the thi 
Figure 5-47 



by rust forming around the plug. If leakage is apparent, i-emove the pli^g and check the threads. 
Remove the expansion plugs and replace them^'as you did/in the engine block. 



illustrates the heater plug and the expansion plug. 




" . ■ 

Fig 5-47. Typical heater outlet and expansion plugs. 

Check the head for nicks, burrs, and cracks. Smooth nicks and burrs with an oil stone. 
A cracked head may be sealed in some cases. The cylinder head is now ready for specification 
checks. We will begin with the flatness check to ensure that the head is not warped. This 
check is made in the saipe manner as the cylinder head gasket surface of the cylinder block. 
A straightedge and a feeler gage are used to determine the amount of warpage. Figure 5-48 is 
^ good illustration of how and where these checks should be made. The cylinder head pictured is 
^ken from a three-cylinder dlesel engine equipped with four valves per cylinder. The line^ 
drawn across the surface indicate the positions in which the straightedge should be placed for 
checking. 




Fig 5-48. Checking cylinder head flatness. 
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If you were working on a cylinder head from an L-hcstcl engine, this Is the only check you would 
be required to make. If the results of the check revealed tftat the cylinder head warpage exceeds 
the tolerances listed' in the TM, you must have the head ground to obtain a ne\r. flat surface, 
^ In some cases, the head may have already been ground as far as allowed a^d in some cases, 

heads are .manufactured in such a design th'at they cannot be ground &t alL In these cases, 
discard the cylinder head and obtain a new one through the supply system. 

Assuming that we are working on an I-head or F-head engine, our-next step will be a valve 
seat runout check. If we were working on an L-head engine, the valve seat runout check must 
also be acccJtniJlished, but this would be done on-the engine block. This check ensures that the 
^ seat is petrfectljr round, A dial indicator type ^jage known as a runout gage may be used for this 
check, 'the gage manufacturer provides instructions for its use, but basically, you Insert the 
base o£ the gage into the valve guide, adjust the measuring device to- seat on the contact surface 
of the valve seat, ahd run the measuring device around the valve seat (fig 5-49), The maximum 
reading reached cSnJ^e dial Indicator tells what, the runout is. The runout is then checked 
against the tolerance listed in the TM. 

V ■ . • 




Fi^g'l5-49. Checking valve seat runout. 

It is impoirtant that the valve seat be of the proper width to ensure an ail^tigl\t seal and 
propet^-alve cooling. Although the entire surface of the valve seat is machined smooth, only 
a small portion of that surface is actually contacted by the valve when it is closed. Figure 5-aO ' 
illustrates a typical valve seat, showUig the width area. The measurements DO NOT apply to - " 
all valve seats. Check your TM. If the valve, seat is not of proper width, the seat niust be 
ground (refaced). The valve seat pictured in figure 5-50 might require three grinding stones; 
60°, 45*, and 30'." The 45' stone used to reface the seat, and the 60° and 30* stones to raise 
or lower the seat and change the seat width. Figure 5-51 illustrates the use of grinding stones. 




Fig 5-50. Valve seat measuring points. 




Fig 5-51. Grinding valve seats. 



As you can see, the stone is attac^^c^ tOy^electric drill motor. Care must be exercised 
to prevent the grinding of too much metal the^siTPface of the seat. 

In some cases, the valve seat may be damaged by heat until it is warped or charred beyond 
repair standards. In this case, the damaged seat must be replaced. Valve seats are^ usually 
of the insert type. The valve seat is removed with speqial tools designed for that purpose. 
A typical tool is found in figure 5-52. The installation of va^ seats is don^ with an arbor press 
as illustrated in figure 5-53. Extreme caution must be tgj«fen to prevent damage to the valve 
seat insert during installation. 
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Fig 5-52. Removing valve seat inserts. 



Fig 5-53. Installing valve seat inserts. 



Although you may have repaired or replaced the valve seats, the valves will not seat 
prop^ly unless the valve stem clearance is correct. Check the valve stem clearance now/ to 
help ensure proper valve seating. Attach a dial indicator to the cylinder head "or engine block 
as the case may require. Insert the valve stem into the valye guide to a point just above the . 
cylinder head gasket surface and place the dial indicator plOTger against the valve face margin. 
With the valve held away from the indicator and against the valve guide, set the dial indicator 
to read zero. * 
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Fig 5-54. Measuring valve stem td valve guide clearance. ° 

Now, push the valve toward the dial indicator and observe the reading indicated on the dial - ' 
(fig 5-54). Check this against the tol^reince Jisted in the Tlk, If the reading you have obtained 
is greatei* than the tolerance, either the valve or the valve guide must be replaced. Check 
the condition of both and determine which needs replacement. In some Vses. both may have to be 
replaced. If theivalve is to be replaced, an oversized valve stemjiiay'be necessary. In this 
case, and in the event the guide is damaged. the«lve guide w^U require reaming. A valve 
guide reamer ks designed for this purpose. Figuije.. 5-55 is an example of a valve guide reamer 
prepared for-use. As you can ^e. it^s turned by hahi^. The use of a drill motor might 
result ^^H^am age to the guide. ' ' 
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Fig 5-55. Reaming valve guides for oversized valves stems. 

If a visual inspection reveals that the valve guide is damaged beyond reo&r by nicks, bur^s. 
or exc^essive wear in the bore, it hiust be replaced. To replace the valve-^TOK, the old 
guide must be driven out of the cylinder head or cylinder block and a n^w^e driven in. If 
the engine is of the L-head type, the bottom* of the guide has to be brd&n off in order to drive 
it completely out. This is accomplished by placing a drift against the side of the valve guide 
and striking the drift with a ball peen hammer. V^|ien installing valve guides, they must bp 
stopped at a point predetermined Dy the manufactuJM^. This point is specified in the TM for 
the engine which you are repairing. Figures 5-56 5-57 show a typical valve guide installation 
and one manufacturer's stopping point. \l ^ ' ' , ] 
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Ftg 5*56. Installing valve guides. 

The guide depth (fig 5-57) must be accurate; therefore, a mark should be made on the valve 
guide at\he specified distance from the top of the guide. Xhis will prevent driving jit too far 
into the cylinder head or cylinder block. 
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Fig 5*57. Valve guide stopping point for a specific vehicle. 



This should complete the repairs of the cylinder head, or in the case of the L-head engine, 
the cylinder block. The final component to be repaired is the valve mechanism. 
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5-7. VALVE MECHANISM 



Let's begin the repair of the va^ive mechanism by repairing the valves. Clean the valves 
thoroughly with a wire brush or buffing wheel to remove all carbon and varnish. This done^ - 
inspect the valves for pitting, burnt surfaces, scoring, and stem warpage, wear', and cocKed 
condition (fig 5-58). 
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Fig ^-58. Defective valves. 



When you have determined that the valve is serviceable, or replaced it with a new one, 
check the valve face runout. This is necessary to determine whether the valve will form a 
pressure* and vacuum-tight seal with the valve seat. To perforjn this check, the valve is placed 
in the valve face runout gage and rotated (fig 5-59). Check the maximum reading obtained 
against the tolerance In the TM. If the runout exceeds specifications, the face must be 
ground* This is a job for the machine shop. 
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Fig 5-59. Checking valve face runout.' 

To ensure that the valve seats properly, forming a pressure- and vacuum-tight seal, 
you must not only have a good fit between the valve and seat, but a valve spring of the proper 
pressure and squareness. To measure the pressure,- use a gage similar to the gage pictured 
in figure 5-60, If the valve spring has become weak, discard it and obtain a new one. Check 
the T*M for the proper valve spring pressure. The spring is compressed to a height specified 
by the manufacturer ip the TM for the engine being repaired. 
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Fig 5-60. Checking valve spring pressure, 

T6 determine valve spring squareness, sinnply place a square alongside the valve spring 
in the vertical position and measure the point of greatest distance between the two (fig 5-61) 
Valve sprmgs are not repairable; therefore, just as the case with the weak spring the spring 
must be discarded. » f k 
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Fig 5-61, Checking valve spring squareness. 

Now. you are ready to install the valves in the cylinder head or cylinder block as the 
^l' ^""""^ ^^^^^ ^^^^^ guide from the combustion chamber side of 

the head and place the valve spring over the end of the valve stem. Now place the valve spring 
retainer on the valve spring and attach the valve spring compressor in the same position as 
when you were removing the valves. Compress the valve spring and insert the valve stem locks 
Release the valve spring compressor and the valve is Installed, 

With the valve Installed, there is stUl one check which must be made the "installed 
height" of the valve spring. This is done by placing a mechanic's scale alongside the valve 
spring (fig 5-62), Check your measurement against the tolerance listed in the TM If the 
installed .height does not meet specifications, either the valve or the valve seat insert must be 
replaced. 
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Fig 5-62, Checking valve spring installed height. 
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If you are repairing an L-head engine the procedure is the same as outlined above except 
you will be working w.ith the engine block instead of thet cylinder head. 



Unlike the L-head engine, the I*head and F*head engines are equipped with rocker arms 
which directly activate the valves. Of course, the F-head engine also has valves in the block 
as well as the head, which do not incorporate the use of rocker arms. If rocker arms are used, 
there are a number of componentSkrequired to operate^ them. These components make up the 
"valve train" and each must be Inspected and repaired as necessary. Let's begin with the 
rocker arm shaft assembly (fig 5-63), which consists of a hollow shaft with a'series of rocker 
arms, shaft supports, and springs. 
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Fig 5-63. Rocker arm shaft assembly. 

To inspect and repair the rocker arm shaft, first disassemble it. Mark the rocker arms 
to identify their position on the shaft. They should not be interchanged. Now, remove the 
cotter pin or other retaining device from each end of the shaft and remove the rocker arms, 
rocker arm supports, and springs simultaneously. Now, with the appropriate wrench, remove 
the oil inlet and outlet tubes and ensure that they are clear and free of obstruction^. Check 
the adjusting screws in the rocker arms for damage or excessive wear. Remove the screws 
ONLY if they need to be replaced.. 

If the rocker arm shaft appears to be clogged, preventing the flow of oil to the rocker arms 
remove the expansion plugs (fig 5-64) and clean the bore thoroughly. 




Fig 5-64. Rocker arm shaft expansion plug. 

If you will recall from earlier diiacussion, wear between the rocker arm and the rocker 
arm shaft will make it necessary to adjust the valves more often than normal. Therefore, prior 
to reassembljlng the shaft, check for this wear. If you can see wear on the shaft or in the bore 
of the rocker arm, then you know the defective part must be replaced. If not,"Nmeasi!ire the 
outer diameter of the shaft and the inner diameter of the rocker arm bore. These measurements 
are taken with micrometers. If you will recall, the use of these measuring instalments is 
Illustrated in figure 5-41. Check your measurements against the maximum wear Mmlts in the 
TM. . • 
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Now, chtck the locating springs to ensure that none are broken and make sure that the 
ends of the oil tubes art not spilt. If everything Is in good shape, reassemble the rocker arm 
shaft and we will move on down the valve train to the pushrods. 



Check the ^nds of the pushrods for nicks, scores, burrs, and apparent excessive wear 
by cleaning them thoroughly and giving them a good visual Inspection. "^Check them for a bent 
conditlA also. In some cases, nicks, scores, and burrs can be corrected with an oil stone. 
A bent p|shrod must be replaced. 

Valve tappets cannot be repairfBd. Therefore, if the tappet Is damaged or excessively 
worn, it must be replaced. Damage can be checked by visual Inspection as can excessive wear 
on the bottom of the tappet. However, you must te sure that the tappet fits the tappet bore of 
the engine block also. This may be accomplished with a dial indicator which is placed against 
the side of the tappet, and the tappet moved back and forth (fig 5-65). If wear is exce|S8lve, 
an oversized tappet should be obtained and the valve tappet ^ore reamed for proper fit. Although 
the engine Illustrated is an ]^-head, other engines are checked In the same manner. With the 
repair of the valve tappet and bore, we have completed the repair of the valve tra'" 
next and final component of the valve mechanism is the camshaft/ 
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Fig 5-88. Measuring valve tappet fit (L-head engine). 



Clean the camshaft in cleaning solvent and blow all oil passages clear with a hi^h-pressure 
airhose. Check the machined surfaces of the p^rthshaft for nicks, scoring, burrs, an4 
excessive wear. Eltolnate all defects possible/with crocus cloth or a smooth stone. U you 
cannot eliminate defects, the camshaft must be replaced. 

Next, check the pressure capacity of the camshaft main oil galleries (M151 only). O^aln a 
rubber hose with 'the same inner diameter as the main bearing surface's outer diameter. PlVce a 
section of the hose over each of the main bearing surfaces, clamp them tight with k hose 
clamp, and fit an air-hose adapter to the end of the shaft tflg 5-86). 
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Fig 5-66. Preparing camshaft for main oil gallery pressure check. 
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Immerse the rear end of the camshaft in water and ai>ply 60 pai air preaaure to the air 
hose adapter. If bubbles appear In the water, check the oU plug and replace If neceaaary. 

If the oil gallery checks out OK, move on and check the cam lobe lift. Place tha camahaft 
back in its location in the engine block and attach a dial Indicator as lllusfratad In figure 5-87. 




i 



r 










/ 



Fig 5-67, Measuring cam lobe lift. 

Turn the camshaft until the dial indicator plunger peats on the lowest part of the lobe, 
Nbw, set the dial indicator at zero and turn the camshaft until the plunger rests on the highest 
point of the lift. Compare your reading to the specifications In the TM, If the lobe lift on all 
lobes does not meet specifications, replace the camshaft with a new one. 



Recall now, the runout test of the crankshaft. Remember that you placed the crankshaft 
in a set of V-blocks (fig 5-24). The camshaft is <:hecked in the same manner by placing the 
,dial indicator plunger on the center camshstft main bearing journal. This test Is to ensure that 
the camshaft is in proper alinement to minimize bearing wear. The TM lists the allowable 
limits of runout. Defective camshafts rfiust be replaced. 

Another check which must be made prior to installing the camshaft is the camshaft bearing 
running clearance. The inner diameter of the bearing bore is measured with the bearing Instated. 
The procedure is the same as we used to remove the bearings, MAKE SURE THE OIL PASSAGE 
HOLE POSITION IS MARKED (fig 5-68), Aline the hole of the bearing with the mark and draw 
the bearing Into position. 




Fig 5-68, Installing camshaft bearings. 

After installing the bearings, measure the inner diameter of the camshaft bearings with 
a telescopic gage (fig 5-69), this illustration deals with the overhead camshaft engine, in which 
you find the camshaft located in the cylinder head. However, the bore check is made in the same 
manner regardless of the type engine. 
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Fig 5-69. Checking camshaft bore inner diameter (overhead cam engine). 



Now, measure the outer diameter of the camshaft main bearing journals on the camshaft 
and If they are within acceprtable ]^it3 according to your TM, you are ready to reassemble the 
engme. Remember that the running clearance (the difference between the bore measurement an 
the journal measurement) must be within manufacturer's allowable limits. The outer diameter 
of the journals is measured with a micrometer as were the piston pin. crankshaft journals etc 
Figure 5-41 will refresh your memory. » ' 
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Chapter 6 



ASSEMBLING THE ENGINE 

6-1* INTRODUCTION 

Let's not forget, while assembling the engine, that specifications are still Just as important 
as they were during the repair of the individual components* Remember also that dirt is harmful 
to the engine. Even the slightest particle is abrasive and can shorten the life of the engine by 
many miles or hours of operation* 

To ensure prd^er lubrication of moving parts* all bearings, shafts, and contact surfaces 
must be lubricated prior to installation. For this purpose^ 10 weight engine oil (OE 10) should be*" 
used. 

Never use old gaskets and seals. This is a source of leakage which results in premature 
wear and damage to moving parts* 

During assembly of the engine, almost every nut and bolt to be tightened has a specific 
torque. These torque specifications are listed In the TM and must be strictly adhered to. Over- 
tightened bolts and nuts will result in excess stress on the metal« and under-tightened nuts and 
bolts will result in oil, water, or vacuum and pressure leaks, ^ 

With the above facts firmly in mind, you are ready to assemble the engine which you have 
taken so much care to repair properly. 

To prevent confusion, we are going to use illustrations of one engine only in this chapter. 
Basically, all engines are assembled in the same manner. Therefore,^^this chapter will provide 
a basic knowledge and your TM will provide you with details of the particular engine which you will 
be rebuilding or repairing. 

6-2. CRANKSHAFT INSTALLATION 

The crankshaft Is the first component to be Installed If the engine Is to be reassembled in a 
logical order. This may vary^ependlng on the type of engine you are rebuilding. Prior to 
actually placing the crankshaft In the engine, you will Install the rear main bearing seals (the 
rear main bearing Is the only main bearing with seals). These seals are Installed in grooves 
provided to rhe rear of the point that the rpar main journal of the crankshaft rests in the engine, 
and on the groove provided in the rear main bearing cap. The excess portion (ends) of the seals 
should not be trimmed at this time. In the case of the engine illustrated, there is an encased 
rear main oil seal and two side seals on the bearing cap. Figure 6-1 shows the side seals 
Installed. 




Fig 6-1, Rear main bearing side seals. 

There are ^rlous types of seals (felt packing, neoprene, encased, etc. ). Figure 8-2 and 
6-3 show the encaVed rear main oil seal and the special tool used to install It. 
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Fig 6-3, Drivihg the fcrankshaft rear main 
bearing seal into the engin^block. 

The procedure is simple, but care must be exercised to ensure that the seal is driven into the 
block evenly, or damage may result. This is accomplished after the crankshaft has been installed 
in the engine. 

To install the crankshaft, first install the upper halves of the crankshaft main bearings in 
the engine block, and the lower halves in the main bearing caps (fig 6-4). Make sure the 
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Fig 6-4. Installing main bearing halves, 
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bearing halves are thoroughly cleaned and, as mentioned previously about all friction surfaces, 
coated with €>E 10. The bearing tangs must fit into the slots it the cap and block evenly, or'" 
they will be flattened. The taog is provided to prevent the beating from turning with the crankshaft. 
If the bearing turns, this will cause almost immediate dama^. 

With all bearings in place, lower the crankshafl^to the block carefully, so that no parts are 
damaged. Though not always necessary, it is usualirbest to install the woodruff key and crank- 
shaft timing gear prior to installing the crankshaft in the block. 

To hold the crankshaft in place, you must install the bearing caps. First, install the front 
main bearing cap. Place the front main bearing in its position and apply a light coat of automotive 
grease (GAA) to the threads of the bearing cap bolts. You might as well apply GAA to all bearing 
cap bolts at this time to save effort later. ^Tighten the bearing cap with the bolts until the cap * 
fits ONLY snug. Now, repeat this procedure with the rear main bearing cap. With the rear 
bearing.being snug, you have caused the rear main seal to seat and you will find that there is an 
excess of material in the seal. Some seals may be trimmed with the crankshaft installed (fig>^5) 
while on. other engines, you may be required to remove the cap after seating the seal in ord^^ 
trim excess material. ^ 




Fig 6-5. Trimming excefes material from the 
crankshaft reair main oil seal. 

Now place the rear main bearing cap back into position if it was necessary to remove it, and 
tighten it to a snug fit. The next bearing cap to be installed is the center main. 

/' 

Place the center main bearing cap into position and center it. This may be done by holding 
the crankshaft at one end of the engine, while prying the bearing cap into position (fig 6-6). 
When the cap is centered, tighten the bolts to torque specifications found in the TM. The 




Fig 6-6. Centering the center main^earing cap. 
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center main bearing is always tightened first. Remember, when tightening components to torques 
specifications, do not apply full torque immediately. A good example is the center bearing. Tighten 
one side five or ten Ib-ft, then tighten the other side equally. Switch back to the first bolt and 
repeat the procedure until both bolts are tightened to manufacturer's specifications. This job is 
accomplished with a torque wrench as illustrated in figure 6-7, 




Fig 6-7. Tight erttlng bearing caps to torque specifications. 

If the engine is equipped with more^an three main bearings, work out€rom the center. 
For example, if the engine has five main bearings, tighten the bearings on either side of the center 
bearing and then tighten the front and rear main bearings. 

When the bearings are installed, the crankshaft must be checked for end play just as you did 
prior to removing the crankshaft during disassembly. With this done, and corrected (by installing 
another crankshaft thrust bearing)' if necessary, the crankshaft installation is completed and ^ou 
can install the camshaft and tappets. 

<. . * 

6-3. CAMSHAFT INSTALLATION 

If the valve tappets are of the mushroomed bottom type, install them first b3^-{^acing them 
into the\ valve tappet bores with the engine inverted (bottom side up) as illustrated inl^gure 6-8, 
If they sire not of this type, you must install the camshaft first, then insert the tappets into their- 
bores. Make sure that the tappets are installed in their original bores and that new tappej^ are 
installed in their fitted bores. 




its ooS^\^lT^?l''^LT'' <=^^haft timing gear on the camshaft and insert the camshaft into 

J .nlrn^^K ,^ .V'^ !"«^"^- "''^^"^ *° *hat all machined surfaces have 

been coated with OE 10 and that they are not damaged during installation. 

nn^tfn" "l"*'^"^ *!^^ crankshaft and ci^nshaft timing gears, make sure that the timing mark« 
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Fig 6-9, Positioning tinging marks on the 
camshaft and crankshaft. 



Before installation of the cam-haft is completed, perform the same checks that you performed 
pnor to removal of the shaft. Do you remember what those checks were? ^ ^ 



The checks which must be performed on the camshaft are the end play, backlash, and timinif / 
nlllfZT ir ^ ^^L^^^ familiar with the procedure for performing.these tests, refer back to ' 
t^S ^^Tf.^f^^^^"' ^^^^^^^ memory at this time. With the completion of these 

tests, the camshaft timing gear retaining bolt may be tightened, and the camshaft is installed. 

6-4. FLYWHEEL INSTALLATION 

The installation of the flywheel is relatively simple. Position the flywheel on the rescr of the 
crankshaft and install the flywheel retaining bolts. The bolts are tightened to manufacturer's 
torque specifications in sequence across from each other as illustrated in figure 6-10 




Fig 6-10. Tightening sequence for flywheel retaining bolts. 

When the flywheel retaining bolts have been tightened, you must perform a flywheel runout 
test to ensure the flywheel is not warped. If the flywheel is warped, what effect will this have 
on clutch operation? If you cannot answer this question, refer back to chapter 4 and refresh your 



memorv. 
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6-5. PILOT BEARING INSTALLATION 

The pilot bearing- may be of two types, ball bearing or bushing. Some bearings are installed 
in the end of the crankshaft, while others are installed in the center of the flywheel. UTien installing 
these bearings, it makes no difference which type you are installing, they are both installed by 
simply driving them into their respective position with a bearing installer or a soft metal drift, 
such as a brass drift. However, they must be driven in evenly. Prior to installation, the bore 
in which the bearing fits should.be coated with a light film of automotive^grease (GAA). 

6-6. PISTON INSTALLATION ' ^ ' 

You can now begin installing tl\e pistons. The piston is installed from the top of the cylinder, 
which could present a problem. If., hiile installing the piston, the shoulders of the connecting 
rod saddle strike the crankpin of the Vankshaft, nicks, scratches, a-nd burrs may result. This 
may be prevented by installing, the connecting rod bearing cap bolts in the connecting rod prior 
to installation and installing a rubber hose on the bolts (fig 6-11). 



GOw.i£CJIHG HOD 




HOSK FLUSH 
WITH SADULS 
SdOULDKE 



HUcBEH HOSE 



Fig 6-11. R^ibberhose installed on connecting rod 
to protect crankpin. 

The rubber hose majr be va^cuum hose or any small hose which will fit snugly over the 
bearing cap bolts. Th^e hose should be thick enough however, so that the outer edge of the hose 
is flush wTth the inner shoulders of trie connecting rod saddle (fig 6-11). To further prevent 
damage, check the connecting rod saddle to ensure that the shoulders are in perfect almement 
with the crankpin. 



Most pistons are notched or marked in some manner to indicate the front of the piston, 
sure that the notch or mark is positioned toward the front of the engine (fig 6-12). 



Make 




^ Fig 6-12. Installing piston in engine. . ?i 

The tool illustrated in figure 6-12 is installed on the piston prior to positioning it for 
installation. This is a ring compressor which compresses the rings around the piston so that 
they do not bind against the top edge of the cylinder. 

When all the above procedures have been accomplished, the piston is pushed'or tapped gently 
into thfe cylinder until the connecting rod saddle seats on the crankpin. To accomplish this, the 
crankshaft should be rotated until the crankpin of the cylinder in which you are installing the . 
iston is at TDC. 
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As each piston is instalied in the cylinder, the connecting rod cap should be installed 
prior to moving to the next pistonr. The connecting rod sfde play is also checked and matched with 
the specifications listed in the TM at this time (fig 6-13). , 




Fig 6-13. Checking connecting rod side play. 

Don»t forget to tighten the conilfecting rod cap nUts to manufacturer's specifications and check 
bearing clearance, just as we did with the main bearings. Coat them with QE-10 as you do all 
friction surfaces. When this procedure is finished with each piston, instalt the oil pump.^^ 

6-7. OIL PUMP INSTALLATION f 

Although npt coverej^ in this course, the oil pump is cITScked and repaired as necessary 
during engine rebuild. The oil pump will be cover0d in detail in a subsequent course which 
' deals with the lubrication system. 

After the cJil pump has been checked, repaired, and reassembled, lubricate the entire pump 
with OE-IO. Now, during the installation of the oil pump, keep in fnind that the oil pump 
usually drives the distributor and must be installed in the correct position. If it is installed 
improperly, the spark plugs may not fire at the proper time and the engine will not operate. 

Before installation is made, the number one piston must be at TDC, and the timing marks 
of the crankshaft and camshaft timing gears alined according to manufacturer's specifications. 
Once this is accomplished, chicle- your' TM and install the oil pump According to instructions therein. 

Note: The oil pick-up tube and screen are installed on the oil pump prior to installing the 
pump. •* . ^ 

-6-8. OIL PAN INSTALLATION * . 

We are now ready to install the oil pan. If cork gaskets are to be used, they must be soaked 
in water prior to installation in order to ensure a proper fit'. Place all gaskets on the oil pan 
in their proper position and use sewing thread or a fine string to {lold the gasket in position if 
necessary. This is done by t>-ing the string through several screw holes of the oil pan and oil pan 
gaskets. On most late model engines this is not usually necessary. Place the oil pan carefully 
in position so as not to disturb the position of the gaskets and thread the center screw on each side 
of the oil pan into the block. This will hold the pan in position while you insert the remaining 
screws. ATFer you have inserted all of the screws, begin tightening them, using the manufacturer's 
specifications fq^r proper torque. The first two screws inserted should be the first screws tightened, 
and you should then work from the center, toward each end, alternating from'^side to side of the 
pan. This will cause the gaskets to seat properly and eliminate chances for oil leakage. Return ' 
now to the top of the engine and install the valves. " , ^ 

6-9. VALVE INSTALLATION 

\^ e already know that valves are located in the cylinder block of the L-head engine, in the 
cylinder head of the I-head engine,. ^nd in both the block and the head of the F-head engine. We 
will discuss the. method of installing valves in both the head and the block, beginning with valves 
in the head. . ^ 



Be certain that you Install each valve In Its original location. This holds true for all v alves, 
whether you are installing them in the head or in the block.' .^he valve is inserted, stem first. Into 
the valve guide from the bottom of the head. If the valve is an intake valve, the valve stem seal Is 
then placed over the valve stem from the top of the head. 

The valve spring and valve spring retainer are placed over the valve stem and the valve 
spring is compressed with the same tool used to compress the valve spring for valve removal 
(fig 6-14). 




Fig 6-14. Compressing the valve spVing. 

After compressing the valve spring, we Insert the valve stem locks. In some* cases however, 
you may find that a sleeve is used. This Is placed on the valve stem prior to the locks. If a 
valve stem cap is to be used, it will be placed over the end of the valve stem after the locks are In 
place and the valve spring released. Figure 5-44 is an example of two typical valves and their 
associated components. You might note that the valve stem locks are sometimes referred to as 
keys. When all valves are Installed in the cylinder head, the head is ready to be installed on 
the cylinder block. 

Before getting Into the installation of the cylinder head, let*s take a look at the installation 
of valves when they are to be Installed in the cylinder block. The first component to be installed 
is the valve spring. The spring is placed in position against its upper seat and the valve spring 
compressing tool is placed beneath it. The 'spring is then compressed and the valve stem is dropped 
into its position (fig 6-15). 




Fig 6-15. Compressing valve spring of valve-in-block engine. 

After dropping the valve into position, place the valve spring retainer over the end of the 
valve stem. Insert the valve stem locks, and release the spring. You will find that a coat of GAA 
applied to the valve stem locks will serve to hold them in place while the spring compressor is 
being released. This is also true of the valve-in-head design. 
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6-10. CYLTNDER HEAD INSTALLATION 

cases you will «nd one sid/marked ''TOP " £ surl T", ^'"'^ S"''^*- ^ »«»"y 

so that the word "TOP" may be seen In ! ' *u "^^^ ^^'^^^ °" ^^e cyUnder block 

alinement of the holes InT block with the h.lL f'^: l""''"* *"»P««t 
have the gasltw-thverted. or bottom side up- " "°t """"d you 

Sere. thT^ottffthf iSe^"btocVu°^^^ ^^^''^ ^"'^ ^"-'^ '^^^-^^ ^-ci bolts, 

the cylinder head bolts, a torque wrench mulfhp u, r"?>!^^i""* '""^ tighten 
specifications and tighten the cylJder hearts tn f* ^'"'^ "^Jf '''' P''°P«^ 
beginning with the center bolt or bolts ^rworWnl t ''T °' '''' "P^'^i"^'^ 

adding 6 to 10 pounds each time! untl! ^1 bolts are tiZ *^V'"u'- ""P""* procedure. 
Figure 6-16. gives examples of cyUnder heads hlvina^ . u''' specifications, 
the tightening sequence for both * ^''"^ "'^^ °' head bolts. Note 
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Fig 6-16. Typical tightening sequence for cylinder heads. 



The installation of the cylinder head on the I-head anri F • . . 

up to this point. , However, before head installation i, ^^/-^ead engines is the same as the L-head 
the rocker arms and push^ds Tst also be tstiul '^"'"P^^'^ - these two engines. 

Of the ^uVr mutt re^ttr tetTL^d i^nTh't? ^ t '^^f ''''' ^°«- 
operate and the/pushrod will be damped (fig 6-17) ' " '''' 




Fig S-ll, Installing pushrods, 
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The next step is to assemble and install the rocker arm shaft. Each component is reassembled 
in its original position (figure 6-18). After assembly, the rocker arm shaft assembly is placed 
on the cylinder head so that the studs pass through the retaining bracket (rocker arm shaft support). 
The nuts are then tightened on the studs to the manufacturer's specifications located in the TM. 

Note ; Care must be exfercised to ensure that each rocker arm seats on both the valve stem 
and the pushrod, ^ 




Fig 6-18. Rocker arm shaft assembled. 

After the rocker arm shaft is installed, the valves must be adjusted to the manufacturer's 
specifications as discussed earlier in the course. This is normally accomplished with the 
engine operating at normal operating temperature, however, you might make a cold adjustment 
initiaUy without the' engine operating. This will make the hot adjustment easier and quicker. 
The last items to be Installed should be the side pan and/or the rorker arm cover. 

With this accomplished, you have conrpleted the rebuild of the engine and it is ready to be 
installed in the vehicle for a run-in test after all accessories have been installed. Accessories 
will be discussed in subsequent courses. ** 
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